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Summary of test results

Test site Test
Test Standard Results
Ballasting / date Deballasting / date
Tolo
t AL}
i (Hong Kong) / . Invalid?
2013.12.8~9
Kaohsiung
2" (Taiwan) / - Invalid
The
2014.5.22 provisional
Gamcheon Donghae regulation
for type
3 (Korea) / (Korea) / P Satisfied D-2
approval of
2014.5.28 2014.5.30 BWMS by
th and IMO _
4 (Korea) / - Invalid
BWM
2014.6.22 convention
Tolo Tolo regulation
th D-2 .
5 (Hong Kong) / (Hong Kong) / Satisfied D-2
2014.7.21 2014.7.23
Gunsan Gamcheon
6" (Korea) / (Korea) / Satisfied D-2
2014.9.16 2014.9.18

a) Invalid, test water condition as stipulated in D-2 not met.

b) MOF, Ministry of Oceans and Fisheries
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1.

Introduction

1.1 Introduction of the developer (Hanla IMS)

Since starting business in marine equipment industry in 1989, “Hanla IMS” have supplied
reliable products to customers for over 24 years. Based on these 24 years experiences,
Loading Computer, Valve Remote Control System, Deck Machinery, LED Lighting, Ballast
Water Management System (BWMS) have been developed by their own technologies and
they have been continuously growing up to become the best company in this field.

In this EcoGuardian™, they have put all of their efforts, technologies and experience to
provide their customers with a perfect BWMS. Their practical knowledge and understanding
of total ballast system ling up through supplying valve control system and ballast gauging
system will help their customers choosing reliable and well-built BWMS.

Hanla IMS is seeking the type approval from the Korean administration for its proprietary -
EcoGuardian™ Ballast Water Management System (BWMS). This approval is being sought
in accordance with the Guidelines for Approval of Ballast Water Management Systems (G8)
as adopted by Res. MEPC 174(58) (2008) of the International Maritime Organization (IMO)
and the provisional regulation for type approval of Ballast Water Management System (PR.
No. 2013-56) by the Ministry of Oceans and Fisheries, respectively.

1.2 Description of the EcoGuardian™ system

The EcoGuardian™ BWMS is designed by Hanla IMS Co. Ltd. The system consists of three
main units - a filter unit, an electrochlorination unit and a neutralization unit.

Filter unit removes particles over 50 um only during ballasting and has automatic
backflushing function to prevent the clogging of filter mesh. Electrochlorination unit
generates sodium hypochlorite in situ by means of an electrochlorination process only
during ballasting. And neutralization unit adds a sodium thiosulfate solution to the treated
ballast water during de-ballasting to neutralize the residual TRO.

- Maximum dose concentration of 9 mg/L TRO as Cl,
- Maximum allowable discharge concentration (MADC) is 0.2 mg/L TRO as Cl,



1.3 System operation (Flow of BWMS in ballasting/de-ballasting)

During ballasting operation, EcoGuardian™ removes aquatic organisms more than 50 um
through automatic backflushing filter unit. Secondly sodium hypochlorite is applied as a
disinfectant which is generated at the electrolysis unit using the side-stream of the main
ballasting line. During de-ballasting operation, the treated ballast water from the ballast tank
is discharged through neutralization unit.

Mode Process

Ballast Sea Chest — Ballast pump — Filter(50 pm)
allastin
g — Electrolysis(side-stream) — Ballast Water Tank

De-ballast Ballast Water Tank — Neutralization(sodium thiosulfate)
e-ballastin
d — Ballast pump — Overboard

The schematic process diagram of the EcoGuardian™ system is shown in Figure 1.

Electrochlorination

A4

Unit
BALLASTING
Filter _
Sea Chest —— Unit > RO
v Sensor
‘ — Ballast
Water
TRO | <« - Tanks
Sensor +
|
Overboard - -=--=---t---ccce-—- T -- — -
DE-BALLASTING

Neutralization
Unit

Figure 1. Schematic process diagram of the EcoGuardian™ system



2.

Test ship and methods

2.1 Test ship information

Table 1. Introduction of the test ship

Ship Name CHANG YAHNG
Ship Owner SSANG YONG SHIPPING
Ship Builder SHINA SHIPBUILDING
Hull No. SAS380
IMO No 9121027
Ship Type Bulk Carrier 10K
Ballast Pump Capacity 350 m®*/hx20m
Class KR
Treated Tank Control Tank
] 05 NOU. WETKP) W.B_TK(BP) T
WeTKp | WBTKP) 68M? 1M
175M} 150M? NOL
APTK WBTK(O) 255‘1&3
2224M3 NO5. NOA. 563.4M3 '
WBTK(S) WBTK(S) NO3,
~_| T o WBTKS) wggi'{g
685M? it
~——__| 115M3 /

Figure 2. Test tank (Ballast Tank in CHANG YAHNG)



Table 2. Tank capacity

Tank Tank number Capacity
No.4 WBT(S) 150 m®
No.4 WBT(P) 150 m*
Treated Tank No.5 WBT(S) 175 m?
No.5 WBT(P) 175 m®
Total 650 m®
No.3 WBT(S) 685 m*
Control Tank No.3 WBT(P) 685 m°
Total 1370 m*

* Because of saftey, it selected the two tanks as a control tank and the four tanks as treated tank.
It is to aim at ballasting or deballasting at the same time by using the port side and starboard.

2.2 Test method

2.2.1 Water parameters measurement

1) Water parameters (temperature, pH, DO, salinity, turbidity) of samples at Field
(SSANG YONG CHANG YAHNG) are measured using YSI according to BTP-BW-QI-
01~04, 22.

2) Water parameters (TRO) of samples at Field (SSANG YONG CHANG YAHNG) are
measured using Pocket colorimeter Il according to BTP-BW-QI-06.

3) Water parameters (DOC, POC) of samples at BTP lab are measured using Vario
TOC cube according to BTP-BW-QI-20~21.

4) Water parameter (TSS) of samples at BTP lab is measured according to SOP-BWMS-
005.

2.2.2 Biological efficacy test
1) =2 50pm organism
(1 Concentration

» Sample can be concentrated with 32 ym net.
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» Concentrated sample transfer into beaker and fill up to 250 ~ 2000 mL with
filtered seawater.
@ Analysis
» General method
- Analysis under stereo microscope with dark field (alive: movement /dead: lack
of movement).
- 1~20 mL of concentration sample place on a counting chamber (sedgewick-
Rafter cell or Bogorov counting chamber).
- The number of observations must be more than three.(control samples)
- Treated ballast water samples are observed all volume of concentrated
sample.
2) 10 ym - 50 ym organism
(D Concentration (Treated samples)
» Sample can be concentrated with 5 ym net. (If necessary, samples can be
filtered by 150 um plankton net.)
» Concentrated sample transfer into beaker and fill up to 250 ~ 2000 mL with
filtered seawater.
(2 Analysis
* General method
- 0.1~1 mL of sample place on a counting chamber (sedgewick-Rafter cell).
- Waiting for 1~5 minutes for cell sinking.
- The number of observations must be more than three.
* Process of staining
- Making of FDA Stock Solution (Made in BTP lab)
- 1 mL of 100 % DMSO solution inject to a 5 mg of FDA, which keep frozen until
use.
- Making of Working Solution (Made in BTP lab or field)
Prepare by diluting the primary DMSO solution 100 times with stock solution.
- Each sample stained by adding 0.1 mL of the working solution to 3 mL
sample.(Final concentration: 1.7 yL/ mL FDA)
- Dyed sample place on a counting chamber.

- Waiting for 5~10 minutes for cell staining.



- Turn on mercury burner of microscope and apply to a fluorescent filter.
- Viable cells represent green color.
- Sample could be saved for up to 90 minutes without risking significant

fluorescent degradation.
3) Heterotrophic bacteria

* SOP : SOP-BWTS-009

* Medium : 3M petrifilm - Aerobic Count Plate

* Method : Lift top film. Place 1 mL of sample onto center of bottom film. Release
top film. Place spreader on top film over innoculum. Gently apply pressure on
spreader.

» Sample volume : 1 mL

* Dilution water : Distilled water or filtered natural seawater (Autoclaved)

* Incubation : 35°C, 24hours.

» Data analysis : Select the plate with the number of colonies in the acceptable
range and count all colonies on selected plates promptly after incubation. And

calculate count per 1 mL.

4) Escherichia coli

 Standard : EPA 1603 [Escherichia coli (E. coli) in Water by Membrane Filtration
Using Modified membrane - Thermo tolerant Escherichia coli Agar (Modified mTEC) :
2006]

* SOP : SOP-BWTS-010

* Medium : Modified mTEC agar (DIFCO, Cat No 214880)

* Method : Filter sample using 0.45 um membrane filter and then place filters on the

top of plate.
» Sample volume : 10 mL ~ 1L
« Dilution water : Distilled water(Autoclaved) or filtered natural seawater(Autoclaved)

* Incubation : Incubate 35°C + 0.5°C for 2 + 0.5 hours.Transfer the plates to
incubate 44.5°C £ 0.2°C for 22 £ 2 hours.

« Data analysis : Select the plate with magenta or red colonies, and calculate the
number of E. coli per 100 mL

* Report results as E. coli CFU per 100 mL of sample.

5) Enterococcus faecalis



« Standard : EPA 1600 [Enterococci in Water by Membrane Filtration Using
membrane-Enterococcus Indoxyl-B-D-GlucosideAgar (mEl): 2006]

* SOP : SOP-BWTS-011

* Medium : mEI agar (DIFCO, Cat No 214881)

* Method : Filter sample using 0.45 um membrane filter and then place filters on the

top of plate.
» Sample volume : 10 mL ~ 1L
* Dilution water : Distilled water or filtered natural seawater (Autoclaved)

* Incubation : 41°C + 0.5°C, 24 + 2 hours
» Data analysis : Select the plate with colonies (regardless of colony color) with a
blue halo. Calculate the number of enterococci per 100 mL

* Report results as enterococci per 100 mL of sample.

6) Vibrio cholerae O1, 0139

* SOP : SOP-BWTS-012
* Medium : TCBS agar (DIFCO, Cat No 265020)
* Method

(1) Filter sample using 0.45 um membrane filter and then place filters on the top of

plate. Incubate the plates, protected from light at 35°C + 1°C for 24+ 2 hours.

(2) Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline
Pepton water. Incubate the plates at 36°C + 1 °C for 6-18 hours.

(3) Presumptive positive colonies are performed using slide agglutination assays by O1
and 0139 antiserum for serological identification.
* Sample volume : 10 mL ~ 1L

* Dilution water : Distilled water(Autoclaved) or filtered natural seawater(Autoclaved)

« Data analysis: Select the colonies with agglutinationO1 and O139 antiserum.

Calculate the number of Vibrio cholerae per 100 mL

* Report results as Vibrio cholerae O1, 0139 per 100 mL of sample.



* Sample volume information

250 ym 10 ~ 50um
Test Sample type/ Water DOC, POC,
sized sized Bacteria
No. volume parameters TSS
organisms | organisms
Uptake | Volume 3~5L 2L 1,000 L 1L 2L
1% and
Concentr
test | control
ated - - 250 mL - -
water
volume
Uptake | Volume 3~5L - 1,000 L 1L -
ond and
Concentr
control
test ated - - 250 mL - -
water
volume
Uptake | Volume 3~5L 1-2L 1,000 L 1L 2L
and
Concentr 1,000 mL
control
ated - - (control : - -
3rd water
volume 250mL)
test
Volume 3~-5L 1~2L 1,000 L 10L 2L
Treat
Concentr
ed
ated - - 250 mL 500 mL -
water
volume
4" | uptake | Volume 3-5L - 1000 L 1L 2L




test and Concentr
control ated - - 500 mL - -
water volume
Uptake | Volume 3~5L 1-2L 1000 L 1L 2L
and Concentr
control ated - - 250 mL - -
5th water volume
test Volume 3~-5L 1~2 L 1000 L 10L 2L
Treat
Concentr
ed
ated - - 250 mL 500 mL -
water
volume
Uptake | Volume 3~5L 1~2L 1000 L 1L 2L
and | concentr
control | 4ted - - 250 mL . -
6th water volume
test Volume 3~51L 1~2 L 1000 L 10L 2L
Treat
Concentr
ed
ated - - 250 mL 500 mL -
water
volume




3. Testresults

3.1 Summary of the test results (Efficacy test)

Table 3. Summary of the test results

Test site
Test Results
Ballasting Deballasting
Tolo
1% - Invalid @
(Hong Kong)
Kaohsiung
2 - Invalid
(Taiwan)
Gamcheon Donghae
3" Satisfied D-2
(Korea) (Korea)
Gunsan
4™ - Invalid
(Korea)
Tolo Tolo
5 Satisfied D-2
(Hong Kong) (Hong Kong)
Gunsan Gamcheon
6" Satisfied D-2
(Korea) (Korea)

a) Invalid, test water condition as stipulated in D-2 not met.
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3.1.1 Test 1 (Ballasting : Tolo Harbor, Deballasting : -)

The shipboard tests were carried out following the guideline of G8. All measurements were
tested more than three times and were analyzed as soon as possible after sampling. The water
quality of test 1 is summarized in Table 4 and 5. The organism larger than 50um was from
35,250 + 1,768 to 60,000 + 4,950 inds/m?® and the organism between 10um and 50um was from
17 £ 11 to 53 £ 21 inds/mL in Table 6. The test water not met the requirements as stipulated in

regulation D-2 of the BWM Convention, test 1 was invalid.

Table 4. Water parameters of testl (Uptake water)

Temp Salinity DO Turbidity TRO
Date Sample ID pH
(°C) (PSU) (mgl/L) (NTU) (mglL)
2013.1 | HLSO01UW-B | 811+000 | 21.15+000 | 32174001 | 10294003 | 1.2+00 -
2.08 | HLSOIUWM | 8124000 | 2098+001 | 32.20+0.00 | 10.39+004 | 1.0:0.1 -
(Bay0) Iy soiuwE | 8124000 | 2094:001 | 3209:001 | 10354005 | 10+01 -
Table 5. Results of DOC, POC, TSS(Uptake water)
TOC DOC POC TSS
Date Sample ID
(mgiL) (mgiL) (mg/L) (mgiL)
2013.1 HL-S01UW-B 3.595+0.090 1.075+0.021 2.521 3.0+0.2
2.08 HL-SO1UW-M | 3.706+0.038 1.043+0.029 2.662 3.3+0.3
D
(Day0) HL-SO1UW-E 3.694+0.029 1.07040.020 2.625 2.4+0.3
Table 6. Biological efficacy of “EcoGuardian™” at test 1 (Uptake water)
Heterotro.
Sample 50pum< 10~50pum ) E. coli Enterococci| V.cholera
Date ; 3 i Bacteria
ID (inds/m~) [(inds/mL) (cfu/100mL) | (cfu/200mL) | (cfu/100mL)
(cfu/mL)
HL-S01UW 35,250 L
53+21 | 267 £ 115 1+£1 0+0 N.D"
2013. B +1,768
12.08
(Day0) | HL-S01UW 60,000
52+ 15 | 333+ 115 0+1 0+0 N.D
-M *+ 4,950

11



HL-SO1UW 39,000 %
17+£11 | 533+231 53 11 N.D
-E 4,243
Unaccepta
Acceptable o
e
Acceptabiity |(210%inds./m* - - ; )
) (210%inds./
m°)

1) N.D : Not detected

3.1.2 Test 2 (Ballasting : Kaohsiung, Deballasting : -)

The shipboard tests were carried out following the guideline of G8. All measurements were
tested more than three times and were analyzed as soon as possible after sampling. The water
quality of test 2 is summarized in Table 7. The organism larger than 50um was from 7,883 £
493 to 11,200 * 589 inds/m?® and the organism between 10pm and 50pm was from 7 + 3to0 9 *
2 inds/mL in Table 8. The test water not met the requirements as stipulated in regulation D-2 of

the BWM Convention, test 2 was invalid.

Table 7. Water parameters of test 2 (Uptake water)
Salinity DO Turbidity | TRO
(PSU) (mgl/L) (NTU) (mglL)

Date Sample ID pH Temp (°C)

2014.0 HL-SO2UW-B | 7.88+0.00 | 2887+002 | 34.30+046 | 555+035 | 101+00 -

5.22 | HL-SO2UW-M | 791+001 | 2897+005 | 3393+0.15 | 559+004 | 10.1+0.0 -
(DayO0)

HL-SO2UW-E | 7.92+0.00 | 2898+0.12 | 3374+003 | 552+011 | 101+0.1 -

TMss

Table 8. Biological efficacy of “EcoGuardian ™ at test 2 (Uptake water)

Heterotro. ) )
Sample 50um< | 10~50um ) E. coli Enterococci | V.cholera
Date ; al . Bacteria
ID (inds/m~) | (inds/mL) (cfu/100mL) | (cfu/100mL) | (cfu/100mL)
(cfu/mL)
2014. | HL-SO2UW | 11,200 L
7+3 267 + 58 116 + 17 23+4 N.D"
05.22 B + 589

12



(Day0) | HL-SO2UW | 10,283
9+2 250 £ 87 136 + 18 1+£1 N.D
-M 671
............... HL-S02UW 7,883
9+1 2000 67 £ 10 3x1 N.D
-E + 493
Acceptabl [Unacceptab
" e le
Accep[ab”ly - - - -
(210%inds./| (210%inds./
m3) m3)

1) N.D : Not detected

3.1.3 Test 3 (Ballasting : Gamcheon, Deballasting : Donghae)

The shipboard tests were carried out following the guideline of G8. All measurements were
tested more than three times and were analyzed as soon as possible after sampling. The water
quality of test 3 is summarized in Table 9 and 10. The organism larger than 50um was from
2,767 + 115 to 4,233 + 231 inds/m® and the organism between 10pm and 50pm was from 181 +
17 to 201 + 27 inds/mL in the uptake water (Table 11). The test water satisfied the criteria of G8

M

requirements and after being treated by “EcoGuardian™”, results of efficacy test of test 3

satisfy the standard as stipulated in regulation D-2 of the BWM Convention.

Table 9. Water parameters of test 3

Temp Salinity DO Turbidity

Date Sample ID pH
C) (PSU) (mg/L) (NTU)
oop4. | HUSOSUNB | 8204001 | 19424010 | 3325:013 | 4374013 49:08
0528 | HLSOUWM | 831+001 | 1890+024 | 33012034 | 389:001 57400
Bay0) | 1y .cosuwE | 834001 | 1976006 | 33324009 | 549:058 39:03
HL-SO3CD2-B | 8212001 | 1919:023 | 3337002 | 5312025 33103
2014. | 1 .s03CD2-M | 826:001 | 10904006 | 3344:002 | 458:003 65124
(8252) HL-SO3CD2-E | 829:001 | 2056:004 | 3337007 | 598:010 32402
HL-SO3TD2-B-1| 836:002 | 1807:006 | 3342005 | 584:032 24402
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HL-S03TD2-B-2| 8.34+0.00 18.14+0.07 334010.11 5.61+0.24 2010.1
HL-S03TD2-B-3| 8.29+0.01 18.19+0.03 33.42+0.03 5.00+0.08 23103
HL-S03TD2-M-1| 8.26+0.01 18.29+0.05 33431007 4594010 26406
HL-S03TD2-M-2| 827+0.01 18.37+0.04 33.45+0.06 4.38+0.02 20103
HL-S03TD2-M-3| 8.26+0.01 18.48+0.09 33414003 4.2080.07 3502
HL-S03TD2-E-1| 826+0.01 18.52+0.07 33.39:0.08 4.12+0.08 33101
HL-S03TD2-E-2| 827+0.00 1849+0.10 3344+0.09 4.0910.03 26401
HL-S03TD2-E-3| 827+0.01 18.43+0.06 33374005 4.11+0.01 116402
Table 10. Results of DOC, POC, TSS
TOC DOC POC TSS
Date Sample D
(mgiL) (mg/L) (mg/L) (mg/L)
2014 HL-SO3UW-B 4.157 £0.067 2.171 £0073 1.986 7.6 126
05.28 HL-S03UW-M 4,663 £0.215 2.119£0.285 2.465 7512
Pay0) |y sosunve | 485240072 | 2.486 011 2.366 14.0+121
Table 11. Biological efficacy of “EcoGuardian™” at test 3
Heterotro.
Sample 50um< | 10~50um ; E. coli Enterococci | V.cholera
Date ) ol . Bacteria
ID (inds/m”) | (inds/mL) (cfu/100mL) | (cfu/200mL) | (cfu/100mL)
(cfu/mL)
HL-SO3UW 3,733 £ 1
191+11 | 83%29 52+9 39+2 N.DV
-B 451
HL-SO3UW 2,767 £
201 + 27 67 + 58 68 +4 375 N.D
2014. -M 115
05.28
HL-SO3UW 4,233
(Day 0) 181 + 17 33+29 33+9 8x1 N.D
-E 231
Acceptabl [ Acceptable
Acceptabiity e (210%inds./ - - - -
(210%inds./ m®)

14



m°)

2014.
05.30
(Day 2)

HL-S03CD2-B(1,242 £ 63| 62%6 73+£21 164 185 N.D
1,375+

HL-S03CD2-M 61+ 10 636 156 204 N.D

150
HL-S03CD2-E (2,133 +£38| 73x6 8721 143 175 N.D
Acceptabl | Acceptable
Acceptability e (210 (210 - - - -

ind./m% | ind./mL)

HL-S03TD2-B-1 3 <1 70 £ 20 N.D N.D N.D

HL-S03TD2-B-4 N.D <1 40+ 10 N.D N.D N.D

HL-S03TD2-B-3 N.D <1 13+12 N.D N.D N.D

HL-S03TD2-M-1 N.D <1 57+6 N.D N.D N.D

HL-S03TD2-M-4 N.D <1 40 £ 17 N.D N.D N.D

HL-S03TD2-M-4 N.D <1 20+ 10 N.D N.D N.D
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HL-S03TD2-E-1 N.D <1 33+29 N.D N.D N.D
HL-S03TD2-E-4 N.D <1 500 N.D N.D N.D
HL-S03TD2-E-3 N.D <1 10+ 10 N.D N.D N.D
Acceptabl | Acceptable Acceptable | Acceptable | Acceptable
Acceptabiity e (<10 (<10 (<250 CFU/ | (<100 CFU/ |(<1 CFU/ 100
ind./m% | ind./mL) 100 mL) 100 mL) mL)

1) N.D : Not detected

3.1.4 Test 4 (Ballasting : Gunsan, Deballasting : -)

The shipboard tests were carried out following the guideline of G8. All measurements were

tested more than three times and were analyzed as soon as possible after sampling. The water

quality of test 4 is summarized in Table 12. The organism larger than 50um was from 6,233 +

306 to 8,167 + 252 inds/m® and the organism between 10pm and 50pum was from 21 + 8 to 28 +

12 inds/mL in Table 13. The test water not met the requirements as stipulated in regulation D-2

of the BWM Convention, test 2 was invalid.

Table 12. Water parameters of test 4 (Uptake water)

Salinity DO Turbidity | TRO
Date Sample ID pH Temp (°C)
(PSU) (mgl/L) (NTU) (mglL)
2014.0 HL-SMMUW-B | 807+000 | 21.95+005 |3303+001| 801+0.17 | 49+0.1 -
6.22 HL-SO4UW-M | 813+0.05 | 2212+001 |3315+006| 534+000 | 59106 -
(Day0) HL-SMUW-E | 819+001 | 21.63+001 |3322+001| 548+001 | 46+0.1 -

16



Table 13. Biological efficacy of “EcoGuardian

TMss

at test 4 (Uptake water)

Heterotro. ) )
Sample 50um< | 10~50um ) E. coli Enterococci | V.cholera
Date ) ol . Bacteria
ID (inds/m~) | (inds/mL) (cfu/100mL) | (cfu/100mL) | (cfu/100mL)
(cfu/mL)
HL-So4UW | 8,167 +
28+ 12 - - -
B 252
HL-So4UW | 7,333 +
24 +11 - - -
M 586
2014.
06.22 | HL-SM4UW | 6,233 +
21+8 - - -
(Day0) £ 306
Acceptabl |Unacceptab
" e le
Accep[ab“[y - - -
(210%inds./| (210%nds./
m?) m®)

3.1.5 Test 5 (Ballasting : Tolo harbor, Deballasting : Tolo harbor)

The shipboard tests were carried out following the guideline of G8. All measurements were

tested more than three times and were analyzed as soon as possible after sampling. The water

guality of test 5 is summarized in Table 14 and 15. The organism larger than 50um was from

14,583 + 1,909 to 27,000 + 500 inds/m* and the organism between 10um and 50pm was from

135 £ 5to 164 £ 13 inds/mL in the uptake water (Table 16). The test water satisfied the criteria

of G8 requirements and after being treated by “EcoGuardian”

Ms»

, results of efficacy

satisfy the standard as stipulated in regulation D-2 of the BWM Convention.

Table 14. Water parameters of test 5

test of test 5

Temp Salinity DO Turbidity TRO
Date Sample ID pH
(°C) (PSU) (mg/L) (NTU) (mglL)
2014 HL-SOSUW-B| 838+0.16 | 2947+0.04 20.73+003 | 564+0.19 75101 -
07.21 |HL-SO5UW-M| 851+001 | 2947+0.13 20.84+006 | 5944054 7.7+0.2 -
(Day 0) HL-SOSUW-E| 8524001 | 29.44+0.04 20.86+001 | 561+0.10 74403 -
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HL-S05CD2-
B 8.27+0.08 30.43+0.20 30.35+0.81 | 253+1.26 6.6+15 -
HL-S05CD2-
M 8.26+0.11 30.22+0.06 29.66+0.07 | 3.36:0.40 7.7H09 -
HL-S05CD2-
E 8.30+0.07 30.30+0.05 29564022 | 2.92+1.53 6.910.2 -
HL-S05TD2-
B.1 8.27+0.00 30.20:0.0 2958+0.00 | 2.27H0.04 7.3+15 0.04+0.02
HL-S05TD2-
B2 8.40+0.00 30.06+10.03 29691001 | 3.15+0.00 6.110.1 -
HL-S05TD2-
2014. B3 8.40+0.00 30.02+0.01 29.714001 | 349+0.04 50+0.3 -
07.23
HL-S05TD2-
(Day 2) M1 843+0.00 30.03+0.01 29.7610.03 | 3.64+0.07 6.5+0.1 0.05+0.03
HL-S05TD2-
M2 8.42+0.00 30.04+0.01 29661003 | 3.85+0.49 49+0.1 -
HL-S05TD2-
M3 843+0.00 30.08+0.01 29594000 | 3.73+0.25 6.710.2 -
HL-S05TD2-
£1 843+0.00 30.12+0.01 29.731004 | 341+0.01 48+00 0.0610.02
HL-S05TD2-
o 8.43+0.00 30.06410.03 29.6910.02 | 3.36+0.01 56400 -
HL-S05TD2-
3 8.43+0.00 30.12+0.01 20.75:0.04 | 3.34+0.05 57401 -
Table 15. Results of DOC, POC, TSS
TOC DOC POC TSS
Date Sample D
(mg/L) (mg/L) (mg/L) (mg/L)
2014 HL-SO05UW-B 3.20040.085 1.793+0.033 1.793 2.4+04
07.21 HL-SO05UW-M 3.24140.126 1.72610.124 1.726 2.4+02
(Day 0) HL-SO5UW-E 2.948+0.179 1.759+0.110 1.759 3.0102
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Table 16. Biological efficacy of “EcoGuardian™” at test 5

Heterotro
Sample 50pum< 10~50pum ) E. coli Enterococci | V.cholera
Date ) 3 i . Bacteria
ID (inds/m~) | (inds/mL) (cfu/100mL) | (cfu/100mL) | (cfu/100mL)
(cfu/mL)
14,583 2
HL-S05UW-B 164 + 13 67 £ 14 128 + 39 N.D N.D
+1,909
21,333
HL-S05UW-M 155+ 12 25+0 145+ 10 N.D N.D
+1,443
2014.
07.21 27,000
HL-SOSUW-E 1355 N.D 84 +24 N.D N.D
(Day 0) + 500
Acceptabl
Acceptable
e
HL-S05CD2-B . (210%inds./m* - - - -
(210%inds./ )
m°)
11,875 1
HL-S05CD2-M 34+4 TNTC 4+2 01 N.D
433
10,583 +
HL-S05CD2-E 31+2 TNTC 10+3 N.D N.D
402
12,792 +
HL-S05TD2-B-1 29+ 4 TNTC 39+3 N.D N.D
2014. 764
07.23
Acceptabl
(Day 2) Acceptable
HL-SO5TD2-B-4 e (210 - - - -
) s |(@10ind./mL)
ind./m”)
HL-SO05TD2-B-3 N.D <1l 78+4 55 N.D N.D
HL-SO05TD2-M-] N.D <1 501 1+x1 N.D N.D
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HL-SO5TD2-M-4 N.D <1 69 7 N.D N.D N.D
HL-SO5TD2-M-§ N.D N.D 40+4 1+1 N.D N.D
HL-SO5TD2-E-] N.D N.D 44 + 3 N.D N.D N.D
HL-SO5TD2-E-4 N.D N.D 60 +2 N.D N.D N.D
HL-SO5TD2-E-§ N.D <1 37+10 2+1 N.D N.D
HL-SO3TD2-E-3 N.D N.D 66 +5 N.D N.D N.D
HL-SO03TD2-E-§ N.D N.D 835 N.D N.D N.D
Acceptabl Acceptable | Acceptable | Acceptable
_ Acceptable
Acceptabiity e (<10 _ (<250 CFU/ | (<100 CFU/ |(<1 CFU/ 100
) s |(<10ind./mL)
ind./m”) 100 mL) 100 mL) mL)

1) TNTC : Too numerous to count

2) N.D : Not detected
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3.1.6 Test 6 (Ballasting : Gunsan, Deballasting : Gamcheon)

The shipboard tests were carried out following the guideline of G8. All measurements were

tested more than three times and were analyzed as soon as possible after sampling. The water

quality of test 6 is summarized in Table 17 and 18. The organism larger than 50um was from

2,283 + 104 to 3,117 + 325 inds/m® and the organism between 10pm and 50pm was from 114 +

7 to 123 £ 9 inds/mL in the uptake water (Table 19). The test water satisfied the criteria of G8

requirements and after being treated by “EcoGuardian

TM»

satisfy the standard as stipulated in regulation D-2 of the BWM Convention.

Table 17. Water parameters of test 6

, results of efficacy test of test 6

Date

Sample ID

pH

Temp
(°C)

Salinity
(PSU)

DO
(mg/L)

Turbidity
(NTU)

TRO
(mglL)

2014.
09.16
(Day 0)

HL-SO6UW-B

7.91+0.19

24.42+0.01

30.06+0.27

6.19+0.17

7.8+0.2

HL-SO6UW-M

8.10+0.04

24.43+0.01

30.15+0.14

6.06+0.08

7.3+0.2

HL-SO6UW-E

8.12+0.05

24.43+0.02

29.99+0.23

6.02+0.15

6.6+0.1

2014.
09.18
(Day 3)

HL-S06CD3-B

7.81+0.30

24.46x0.07

30.33+0.03

5.34+0.10

6.2+0.2

HL-S06CD3-
M

7.95+0.16

24.44+0.05

30.25+0.05

5.76+0.17

6.6x0.4

HL-S06CD3-E

8.03+0.11

24.47+0.04

30.25+0.04

5.66+0.12

6.4+0.2

HL-S06TD3-
B-1

8.06+0.12

24.67+0.08

30.58+0.09

5.94+0.06

8.0+0.4

0.11+0.02

HL-S06TD3-
B-2

8.19+0.11

24.58+0.03

30.57+0.09

6.03+0.07

6.8+0.2

HL-S06TD3-
B-3

8.16+0.16

24.59+0.03

30.59+0.06

5.92+0.08

6.8+0.2

HL-S06TD3-
M-1

8.14+0.18

24.60+0.03

30.58+0.09

5.86+0.43

6.8+0.2

0.09+0.01

HL-S06TD3-
M-2

8.26+0.05

24.62+0.09

30.46+0.32

5.68+0.06

6.8+0.3

HL-S06TD3-
M-3

8.21+0.05

24.61+0.03

30.59+0.06

5.87+0.08

7.0£0.1

HL-S06TD3-
E-1

8.06+0.08

24.59+0.03

30.62+0.01

5.88+0.05

7.4+0.2

0.07+0.02

HL-S06TD3-

8.03+0.11

24.61+0.04

30.57+0.09

5.92+0.09

9.7£2.2
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E-2

HL-S06TD3-
E-3 8.10+0.10 | 24.63+0.04 | 30.61+0.02 | 6.19+0.13 | 9.2+1.4 -
Table 18. Results of DOC, POC, TSS
TOC DOC POC TSS
Date Sample D
(mg/L) (mg/L) (mg/L) (mg/L)
2014 HL-SO6UW-B 2.840+0.16 1.737 £ 0.03 1.103 76.811.1
09.16 HL-SO6UW-M 2.690+0.13 1.682 +0.16 1.008 78.4+£1.2
(Day 0) HL-SO6UW-E 2.911 £ 0.04 1.791 £ 0.03 1.120 75.5£1.4
Table 19. Biological efficacy of “EcoGuardian™” at test 6
Heterotro.
Sample 50um< | 10~50um i E. coli Enterococci | V.cholera
Date ) ol . Bacteria
ID (inds/m”) | (inds/mL) (cfu/100mL) | (cfu/100mL) | (cfu/100mL)
(cfu/mL)
2,283 )
HL-S06UW-B 114 +7 0+0 18+7 2+1 N.D?
+104
2,333
HL-S06UW-M 123+9 33129 31+5 7+3 N.D
+ 257
2014.
09.16 3,117
HL-S06UW-E 123+9 100 + 50 52+ 10 22+5 N.D
(Day 0) + 325
Acceptabl
Acceptable
e
Acceptabiity . (210%inds./ - - - -
(210%inds./ 3
3 m’)
m®)
2,000
HL-S06CD3-B 18+3 317 £ 52 3x1 2+2 N.D
2014. +87
09.18
(Day 3) 2,017
HL-S06CD3-M 126 15+1 108 + 14 3+2 3+2 N.D
*
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2,667
HL-S06CD3-E 172 150 + 43 1+1 1+1 N.D
+189
Acceptabl | Acceptable
Acceptabiity e (210 (210 - - - -
ind./m% | ind./mL)
HL-S06TD3-B-] N.D <1 TNTC Y N.D N.D N.D
HL-SO06TD3-B-4 N.D <1 TNTC N.D N.D N.D
HL-SO06TD3-B-3 N.D <1 TNTC N.D N.D N.D
HL-SO06TD3-M-] N.D <1 TNTC N.D N.D N.D
HL-S06TD3-M-4 N.D <1 199 + 15 N.D N.D N.D
HL-S06TD3-M-3 1 <1 148+ 6 N.D N.D N.D
HL-SO6TD3-E-] N.D <1 TNTC N.D N.D N.D
HL-SO06TD3-E- N.D <1 TNTC N.D N.D N.D
HL-SO06TD3-E-3 N.D N.D TNTC N.D N.D N.D
Acceptabl | Acceptable Acceptable | Acceptable | Acceptable
Acceptabiity e (<10 (<10 (<250 CFU/ | (<100 CFU/ |[(<1 CFU/ 100
ind./m* | ind./mL) 100 mL) 100 mL) mL)

1) TNTC : Too numerous to count

2) N.D : Not detected
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3.2 Summary of the BWMS operating records

Table 20. Operating records of “EcoGuardian

TMss

The operating records

Test Remark
Ballasting Deballasting
1% - - Invalid @
nd .
2 - - Invalid
TRC”(m%/h) : 34945 TRC (m?h) : 345+14
Conformity
3" TROY(Mg/L) : 7.89+1.17 TRO%(mgL) : 0.09+0.02
Backflushing : None
TRC(m®h) : 345+7 TRC(m®h) : 345+4
4" - - Invalid
TRC(m%h) : 346+12 TRC(m%h) : 334423
Conformity
5" TRO(mg/L) : 8.06+0.50 TRO(mg/L) : 0.09+0.0
Backflushing : 20 times
TRC(m®h) : 336+18 TRC(m®h) : 3457
TRC(m®/h) : 342+8 TRC(m®h) : 34449 Conformity
Backflushing : 34 times
6th

TRO(mg/L) : 8.131.32

TRC(m%h) : 33315

TRO(mg/L) : 0.07+0.07

TRC(m®h) : 33636

DPD indicator solution of TRO

)

analyzer 9 was changed by new

one.

a) Invalid, test water condition as stipulated in D-2 not met.

b) TRC : Treatment Rated Capacity

¢) TRO : Total Residual Oxidant

d) TRO analyzer : Online TRO and chlorine monitor(Model : CLX-XT)

Ballast water management system was of a capacity and concentration within the

range of the Treatment Rated Capacity (TRC) and of the concentration of Total

Residual Oxidant (TRO) for which it is intended. And the tests including invalid tests

were to span a trial period of not less than six months and it was done to perform three

consecutive test cycles that comply with regulation D-2.
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4. Attachment
4.1 Test 1 report and raw data
4.2 Test 2 report and raw data
4.3 Test 3report and raw data
4.4 Test 4 report and raw data
4.5 Test 5report and raw data
4.6 Test 6 report and raw data

4.7 Operating Data (Written by HANLA IMS)
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4.1 Test 1 report and raw data

Test Report

Project name

EcoGuardian™

Test number

SET-13-001

Port

Tolo (Hongkong)-Ballasting

Title

Efficacy test of EcoGuardian™ Ballast Water Management
System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK



bwt14
텍스트 상자   
4.1 Test 1 report and raw data


Test Report

SET-13-001

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed

in accordance with protocol and standard operating procedures (SOP) of Busan Techno-

Park(BTP). The report was an accurate reflection of the raw data generated at the BTP.

Inspection of the routine and repeated procedures that constitute the study was carried out as a

continuous major phase at or about the time this study was in progress.

December 02, 2013

December 02, 2013

Test plan December 02, 2013
1% December 08-09, 2013 | December 12,2013 | December 12, 2013
Sampling e i
2" < - -
1 December 08-09, 2013 | December 12, 2013 | December 12, 2013
Test substance ===
2nd = r _
Test praceitics 1% December 08-09, 2013 | December 12,2013 | December 12,2013
(Bacteria test) And _ = x
Observation and 1% December 08-09, 2013 | December 12,2013 | December 12, 2013
counting —
(250um, 10pm-50umy | 2™ - - -
i December 10, 2013 December 12, 2013 | December 12,2013
Observation and —
counting g - - -
(Bacteria test) 3 S
3I’d = - =

Seo, Hyo-Jin / Project director

S




Test Report

SET-13-001

Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Marine Bio-

industry Development Center in performing the test.

Study Personnel

QA/QC

Efficacy Testing
Manager

Name Date

7&-& e (=< (é@_), ,Pecembew E2 NP

Seo —Jm ,:I/gy— (705") Pecernber 3, 203

G, o, P Jetoroer 5122V
v 0

Moddesle b ™ pofesher s >a,

1
g,af?ﬁ-f—/ﬁgk/@éﬁﬂl 3 Pec 1o}
/d g
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Test Report SET-13-001
1. Results
1.1 Loading record
Vessel name SSANG YONG CHANGYAHNG
IMO number 9121027
Sample Loading Discharge
e o G 6 WGT (Mt) (Date/Location) (Date/Location)
2013, Dec, 08~09
Control | No.3D/BW.B.T | P, S 1370 |TOLO
(22°2661N, 114°14.46E)
No.4 D/B W.B.T
Treated No.5 D/B WB.T P,S 654 -
1.2 Water parameters
Table 1. Water parameters at field
Dat sk |D 4 Temp | Salinity DO Turbidity| TRO
e S g (C) | %) | (MgL) | (NTU) | (o)
HL-SOIUW-B | 811+000 | 21.15+000 | 32.17+001 | 1029+003 | 1.2+00 -
Day 0 | HL-SO0UW-M | 8124000 | 2098+001 | 3220+000 | 1039+004 | 10+01 -
HL-SOIUW-E | 812+000 | 2094+001 | 3209+001 | 1035005 | 10+0.1 -
Table 2. Results of DOC, POC, TSS
e i[5 TOC? DOC® POC? TSS9
e Pe (mg/L) (mg/L) (mg/L) (mg/L)
HL-SO1UW-B 3.595+0.090 1.075+0.021 2.521 3.0£0.2
Day 0 | HL-SOIUW-M | 3.706+0.038 1.043+0.029 2.662 3.3£0.3
HL-SOLUW-E 3.694+0.029 1.070+0.020 2.625 2.4+0.3

Data were presented as meanzS.D of three repeated measurement.
a) TOC: Total Organic Carbon
b) DOC: Dissolved Organic Carbon
c) POC: Particulate Organic Carbon (POC=TOC-DOC)
d) TSS: Total Suspended Solids
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Test Report

SET-13-001

1.3 Influent water : Uptake water

1) > 50 pm organism

Table 3. Survival number of the organism larger than 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(pm)
Acartia erythraea 3,833+ 1,258 130 ~ 150
Oithona similis 13,833 £ 2,255 | 190 ~ 100
Paracalanus parvus s.| 12,167 + 1,893 130 ~ 150
HL-SO1UW-B Arthropoda Temora turbinata 500+ 0 140 ~ 170
Corycaeus affinis 167 + 289 90 ~ 100
Harpacticoida spp. 1,833 + 289 90 ~ 100
Cirripedia larvae 1,333 + 289 90 ~ 100
Acartia erythraea 4,333 £ 289 130 ~ 150
Oithona similis 27,333+ 4,856 | 190 ~ 100
Paracalanus parvus s.1 24,000 + 3,905 | 130~ 150
HL-SOlUW-M|  Arthropoda Temora turbinata 1,167 + 289 140~ 170
Corycaeus affinis 333+ 289 90 ~ 100
Harpacticoida spp. 2,833+ 1,041 90 ~ 100
Cirripedia larvae 500 + 500 90 ~ 100
Annelida Polychaeta larvae 333+ 289 120 ~ 140
Acartia erythraea 1,833 + 764 130 ~ 150
Oithona similis 13,333+ 3,175 190 ~ 100
Paracalanus parvus s.| 22,500 * 2,646 130 ~ 150
HL-S01UW-E Arthropoda Temora turbinata 667 + 289 140 ~ 170
Corycaeus affinis 333+ 289 90 ~ 100
Harpacticoida spp. 1,833 + 764 90 ~ 100
Cirripedia larvae 167 + 289 90 ~ 100
Total 8 species 2 phyla/divisions 44,750 + 13,339 -
Influent condition:
Acceptability Acceptable -
(=10 ind./ m®)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.
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Test Report SET-13-001
2) 10 pm - 50 pm organism
Table 4. Survival number of the organism between 10 to 50 pm
Minimum
Sample ID | Phyla/Divisions Species individuals/mL Dimension
(pm)
Pleurosigma sp. 1+1 25
Thalassiosira sp. 15+ 6 20 ~ 45
A Hemiaulus sinensis 9+2 20~ 25
Bacillariophyta Leptocylindus sp. +3 15
Dictyocha sp. 2+2 20~ 30
Navicula sp. +6 10~ 15
HL-S01UW-B Cochlodinium sp. 9+5 10 ~ 20
Amphidinium sp. +5 15~25
. Prorocentrum sp. 1+1 25
Dinophyta Katodinium sp. 5+6 15~25
Ceratium sp. 1+1 30
Ebria sp. 1+1 25
Pinnol sp. 1+2 15~25
Chaetoceros sp. 316 20
Thalassiosira sp. 15+ 4 20 ~ 45
Bacillariophyta Hemiaulus sinensis 4+3 20~ 25
Leptocylindus sp. 1+2 15
Dictyocha sp. +5 20~ 30
HL-S01U g Navicula sp. 11+2 10 ~ 15
Amphidinium sp. 1+1 20
Cochlodinium sp. 5+£3 10~ 20
Dinophyta Katodinium sp. 4+3 15~25
Gyrodinium sp. 2 25~ 40
Ebrica sp. 1+1 20
Pleurosigma sp. 1+ 20~ 35
Thalassiosira sp. 75 20 ~ 45
Bacillariophyta Hemiaulus sinensis 45 20 ~ 25
Dictyocha sp. +2 20~ 30
HL-SOlJUW-E Navicula sp. 11 +4 10~15
Cochlodinium sp. 5£5 10~ 20
Dinophyta Prorocgnj[rum sp. 1+1 20
Katodinium sp. 212 15~25
Gyrodinium sp. 11 25
Total 15 species 2 phyla/divisions 41+ 23 -

Acceptability

Influent condition: Unacceptable
(>10%ind./mL)

Data were presented as meanS.D of three repeated measurement.

Some species were rare, the standard deviation was high.
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1.4 Elimination efficacy

1) > 50 pm organism

Table 5. Survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals/m® Acceptability efficacy
(%)
R BRI
Uptake water HL-S01UW-B 35,250 £ 1,768 Influent condition:
P HL-SO1UW-M? | 60,000 + 4,950 Acceptable -
(Day 0, Uw) (>10% ind./m°)
HL-SO1UW-E® 39,000 + 4,243 = '
2) 10 pm - 50 pm organism
Table 6. Survival number of the organism between 10 and 50 pm
Elimination
Test substance Sampl ID individuals/mL Acceptability efficacy
(%)
. BRI
Uptake water i P Influent condition:
P HL-SO1UW-M"? 52 + 15 Unacceptable -
(Day 0, Uw) >102 ind./m?
HL-SO1UW-E? 17+ 11 (210 ind./m")

a) B: Beginning, b) M: Middle ¢) E: End
Data were presented as mean+S.D of three repeated measurement.
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SET-13-001

3) Heterotrophic bacteria

Table 7. Survival number of heterotrophic bacteria

Elimination
Test substance Sample ID CFU/ mL Acceptability efficacy
(%)
HL-S01UW-B? 267 + 115
Uptake water } b ) i
(Day 0, Uw) HL-S01UW-M 333+ 115
HL-SO1UW-E® 533 + 231
4) Escherichia coli
Table 8. Survival number of Escherichia coli
Elimination
Test substance Sample ID CFU/ mL Acceptability efficacy
(%)
HL-S01UW-B 1+1
Uptake water
(Day 0, Uw) HL-S01UW-M E 3
HL-SO1UW-E +3
5) Intestinal enterococci
Table 9. Survival number of intestinal enterococci
Elimination
Test substance Sample ID CFU/mL Acceptability efficacy
(%)
HL-SO1UW-B N.D?
Uptake water
(Day 0, Uw) HL-SO1UW-M N.D
HL-SO1UW-E 1 198
6) Vibrio cholera O1, 0139
Table 10. Survival number of Vibrio cholera O1, 0139
Elimination
Test substance Sample ID CFU/ mL Acceptability efficacy
(%)
HL-S01UW-B N.D
Uptake water
(Day 0, Uw) HL-S01UW-M N.D
HL-SOLIUW-E N.D

a) B: Beginning, b) M: Middle c) E: End, d) N.D: Not detected
Data were presented as mean+S.D of three repeated measurement.
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Test Report SET-13-001

2. Validity

2.1 Water parameters measurement

* All measurements were tested more than three times.
» Water parameters were analyzed as soon as possible after sampling.

2.2 Biological efficacy test

« Valid tests are indicated by uptake water, for both the control tank and ballast water to be
treated, with viable organism concentration exceeding 10 times the maximum permitted
values in Regulation D-2.1

- Influent condition in all tests was unacceptable for IMO standards (MEPC58/2/4).
- The organism larger than 50 pm: > 10? individuals/m® (Acceptable)

- The organism between 10 pm and 50 pm: > 10% individuals/mL (Unacceptable)

S D (indin?gul;?;/mS) (i%u%%@gg/lr‘nri)
HL-SOLUW-B 35,250 + 1,768 53 + 21
HL-SO1UW-M 60,000 + 4,950 52 + 15
HL-SOLUWE 39,000 + 4,243 17+ 11

% Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension

 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time
HL-S01UW-B Dec, 08 23:00

Day 0 HL-SOLUW-M Dec, 09 00:06 Dec, 09 02:01
HL-SOITUW-E Dec, 09 01:11
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Test Report SET-13-001

3. Conclusion
3.1 Unacceptable of Influent water condition for IMO standards.
« Uptake water condition of organism between 10 um and 50 um was unacceptable for IMO
standards.
* Therefore, test was invalid.
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Test Report SET-13-001

4. Appendix

Appendix 1. Water parameters at field
1) Uptake water

Temp | Salinity| DO [Turbidity TOC? | DOC® | TSS?

Date | Sample ID | R® | pH C) | (PSU) | (mg/L) | (NTU) | (mg/L) | (mg/L) | (mg/L)

R1 | 811 | 21.15 | 32.17 | 10.31 1.2 2.79 1.73 7.2
HL-SO1UW-

B R2 | 811 | 21.15 | 32.17 | 10.29 1.2 2.77 1.70 6.6

R3 | 811 | 21.15 | 32.16 | 10.26 1.2 2.73 1.66 6.4

R1 | 812 | 20.98 | 32.20 | 10.43 1.0 2.80 1.71 7.6

Day0 | HL-SOIUW- oo | 812 | 2098 | 3220 | 1039 | 10 | 280 | 168 & 66

M
R3 | 812 | 2099 | 32.20 | 10.36 11 2.78 1.69 7.0
R1 | 812 | 20.94 | 32.10 | 10.40 11 2.80 1.72 6.4
HL-S?;UW- R2 | 812 | 2094 | 32.09 | 10.35 1.0 2.78 1.70 7.0

R3 | 812 | 20.95 | 32.09 | 10.31 1.0 2.77 1.74 6.8

a) R: Replicate

b) TOC: Total Organic Carbon (TOC=DOC+POC)
c) DOC: Dissolved Organic Carbon

d) TSS: Total Suspended Solids
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Test Report SET-13-001

Appendix 2. Survival number of > 504m organism in uptake water(Influent water)

Date Sa:réple Classification C\:/%li::]r?;g Rla)lnd|V|(;L2|als/m3 =3 Mean @ SD"
Acartia erythraea 5,000 2,500 4,000 3,833 1,258
Oithona similis 11,500 14,000 16,000 | 13,833 2,255
HL- Paracalanus parvus s.I 10,000 : 13,500 | 13,000 | 12,167 1,893
SO1UW | Temora turbinata 10 mL 500 500 500 500 0
B Corycaeus affinis 0 500 0 167 289
Harpacticoida spp. 2,000 2,000 1,500 1,833 289
Cirripedia larvae 1,500 1,000 1,500 1,333 289
Acartia erythraea 4,500 4,500 4,000 4,333 289
Oithona similis 31,500 | 22,000 | 28,500 | 27,333 | 4,856
Paracalanus parvus s.| 19,500 @ 26,500 @ 26,000 | 24,000 @ 3,905
HL- Temora turbinata 1,000 1,000 1500 | 1,167 = 289
Day 0 SO1UW 10 mL
M Corycaeus affinis 500 500 0 333 289
Harpacticoida spp. 4,000 2,000 2,500 2,833 1,041
Cirripedia larvae 1,000 0 500 500 500
Polychaeta larvae 500 0 500 333 289
Acartia erythraea 2,500 2,000 1,000 1,833 764
Oithona similis 17,000 11,500 11,500 | 13,333 3,175
HL- Paracalanus parvus s.| 20,500 25,500 @ 21,500 | 22,500 2,646
SO1UW | Temora turbinata 10 mL 1,000 500 500 667 289
o Corycaeus affinis 0 500 500 333 289
Harpacticoida spp. 2,500 2,000 1,000 1,833 764
Cirripedia larvae 500 0 0 167 289

a) R: Replicate
b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 3. Survival number of 10u#m - 50u4m organism in uptake water(Influent water)

Sample
ID

Classification

Counting
volume

R1%

R2

R3

individuals/mL

Mean

S.D.”

HL-S01UW
-B

Pleurosigma sp.
Thalassiosira sp.
Hemiaulus sinensis
Leptocylindus sp.
Dictyocha sp.
Navicula sp.
Cochlodinium sp.
Amphidinium sp.
Prorocentrum sp.
Katodinium sp.
Ceratium sp.
Ebria sp.

0.5mL

1

[EEN
a1

1

HL-S01UwW
-M

Pinnol sp.
Chaetoceros sp.
Thalassiosira sp.

Hemiaulus sinensis
Leptocylindus sp.
Dictyocha sp.
Navicula sp.
Amphidinium sp.
Cochlodinium sp.
Katodinium sp.
Gyrodinium sp.
Ebria sp.

0.5mL

O N O O OO kb O N ODN O O O -

=
o

W KRk, k P 0Ok, Ww o 01NN o

= =
N T

HL-S01UwW
-E

Pleurosigma sp.
Thalassiosira sp.
Hemiaulus sinensis
Dictyocha sp.
Navicula sp.
Cochlodinium sp.
Prorocentrum sp.
Katodinium sp.
Gyrodinium sp.

0.5mL

P N PO NN PRWwW NN PO PP NN O

O O O W o W O O OO Fr kP N O Ul P OWOH OOOPF, MNOOPMP O WM OO

O r OO0 W PFRPr O PO ONPFP PO PFkEF O Ww-NOGLOokr oo A NMNPEPEP PO MM PMO

A W N PP DN B~ O

(BN
(BN

= N = O

P N P OB DN OO NN WO W R, NN WP NP RO 0 oTOODN WDN O

a) R: Replicate

b) S.D: Standard deviation

Some species were rare, the standard deviation was high.
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Test Report SET-13-001

Appendix 4. The number of heterotrophic bacteria in uptake water by treatment of
EcoGuardian™ BWMS

Date Sample ID ngg,f(i)?_n 5 crufmL Mean sp®
R1 R2 R3
HL-S01UW-B 1 2 1 267 115
Day 0 | HL-SO1UW-M X 200 2 2 1 333.3 115
HL-S01UW-E 2 2 4 533 231

Appendix 5. The number of Escherichia coli in uptake water by treatment of
EcoGuardian™ BWMS

CFU/ 100 mL
Date Sample 1D Mean sp®
R1% R2 R3
HL-S01UW-B 2 0 2 1 1
Day 0 HL-S01UW-M 0 1 0 0 1
HL-S01UW-E 3 3 8 5 3

Appendix 6. The number of intestinal enterococci in uptake water by treatment of
EcoGuardian™ BWMS

CFU/ 100 mL
Date Sample 1D Mean sp®
R1% R2 R3
HL-S01UW-B 0 0 0 0 0
Day 0 HL-S01UW-M 0 0 0 0 0
HL-S01UW-E 1 1 0 1 1

Appendix 7. The number of Vibrio cholera O1, 0139 in uptake water by treatment of
EcoGuardian™ BWMS

CFU/100 mL
Date Sample ID Mean sp®
R1¥ R2 R3
HL-S01UW-B 0 0 0 0 0
Day 0 HL-S01UW-M 0 0 0 0 0
HL-S01UW-E 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Test Report SET-13-001

Appendix 8. The microscope image of >504m in uptake water (Day0)

Uptake water (Day 0)

Acartia erythraea™ Oithona similis** Temora turbinata™™*

Paracalanus parvus s.I** Corycaeus affinis* Tortanus forcipatus™

Centropages furcatus* Harpacticoida spp. ** Polychaeta larvae**

Cirripedia larvae*

* Maghnification : 50
** Magnification : 200
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Appendix 9. The microscope image of 104m—504m in uptake water (Day0)

Specific Original water

name Optical Fluorescence

Pleurosigma
sp.

Thalassiosira
sp.

Hemiaulus
sinensis

/
Leptocylindus A

100 i
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Dictyocha sp.

Navicula sp.

Pinnol sp.

Chaetoceros
sp.
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Gyrodinium
sp.
Cochlodinium
sp.
Amphidinium
sp.
Prorocentrum
sp.
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Katodinium
sp.

Ceratium sp.

Ebria sp.

Magnification : 200
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Appendix 10. The image of heterotrophic bacteria

Uptake water (Day 0)
Beginning Middle End
o e JBP ac aoss-on v T~
Soruna 1o
T

. e :

Appendix 11. The image of Escherichia coli

Uptake water (Day 0)

Beginning Middle

Appendix 12. The image of intestinal enterococci

Uptake water (Day 0)

Beginning Middle End
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Appendix 13. The image of Vibrio cholera O1, 0139

Uptake water (Day 0)

Beginning Middle End
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5. Attachment
5.1 Sample check & custody Sheet

5.2 Water parameter measurement sheet (1)
5.3 Microbiology test sheet

5.4 Test results sheet with microbiology
5.5 Vibrio cholera O1, 0139

5.6 Test results sheet — Classification(l1)
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Sampling check & custody Sheet

2077
Study number HAN-Ship ( / ) Test number SET-13-¢0 ¢
Sampling time Day0 o Dayl o©oDay2 oDay3 o©oDay4 oDay5 oDay( )
Sample location Mptakewater 0 Discharge control water 0 Discharge treated water o Other( )
p o Sample Sampling time
arameter
Bottle Vol. (L) p.” Beginning | Middle End

s . ~ HDPE . B1| nof /a9 2. eg
DOC, POC HDPE | 3300 e | 0,104
Bacteria (4 1tem) HDPE 2 o
Organism (10~50 pum) _ HDPE / 03
Organism (250 pm)  |/ocoL-» oorf HDPE 0.5¥

Sample location 0 Treated water 0 Treated water (Neutralized)

Sample Sampling time
P t
s Con” | Bottle | Vol. (L) | P” | Beginning| Middle | End
Bacteria (4 item) HDPE ol |
Organism (10~50 pm) HDPE o2 /
Organism (=50 pm) HDPE o3 /
Concentration
Parameter Vol of concentrated before Equipment Mesh size

Organism (=50 pm) /P00 (L) net 32 um
Organism (10-50pm) | —(0) net 5 pm

Sample storage information

d) ie) . Q(S)
Corrdcd

3077 pec-oP
7{.‘;&0&)‘3 ‘ w‘ﬂ_

Parameter Location & condition Storage time
TSS ] B'Ei'j}""”(.? raeef D332
DOC, o0 — Freezer(-20 C) Aé/ ﬁ’ e ,/ j :g : ?ol_)épz_
Bacteria (4 item) Refrigerator(4 C)
Remarks | ¢ benker

* Flrst fill aJ'z‘Gt' HDPE( high density poly ethylene)-betdevith water sample,
Mﬁpmmmmpp—m{&gmup&(bm%mg&nwmﬁﬁéﬂwHﬁd%{mh}
Then measured water parameters(S item) - pH, Temperature, Salinity, DO, Turbidity

* Separately, organism(>50 pms$ ) sample was concentrated with net.

* Storage time of “bacteria sample” is for “heterotrophic bacteria test”

* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 4 mL HCl of 2 L sample)

5 uptoke waoter

Working(pump) start time for Test water(or control water) sample : 2> * / 6

Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :

/‘7‘-’""(«/ Y
2iwo Filrer bypass 1210

Working date

el .”oo""pa«c ?

Personnel

J\'P&w(pu \ (/W @D.)—-

Confirmation date

fee. <]

Confirmed by

a) Concentration

b) Period

[}

¢) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Worksheet-Field-001-2(3)



Water parameter measurement sheet (I)

N

2073
Study Number HAN-Ship( / ) Test number SET-13- oo ¢
Sampling time &Day0 ©oDayl oDay2 0Day3 oDay4 o©Day5 oDay( )
Equipment \{}1 @ao - pH, temp., salinity, DO / ‘(51 692v - Turbidity
Sample Replicate pH Temp (°C) | Salinity (%) | DO (mg/L) “(‘;,’rigi;y
& Uptake water RI JONT 200Y 3.7 (0-3) /. >
o Discharge control water
0 Discharge treated water R2 J-u 2.5 22.7 (0.9 (- >
0 Discharge treated /
W R3 il 21T 22.76 (054 [ >
&B( )oM( )oE( ) | Mesmige | 22 (P~ 23 130 (1x/0))
tUptake water R1 2 20 32.20 lo. /
r1 Discharge control water P -2 bk i
ODischargetreated water | R2 Pix 20.9) 3220 10.3¢ /.
01 Discharge treated N
ieNetmlndvaey | K3 | P02 | 2e.a9 | 3230 | io6 |
OB )3 )oE( ) | Mestigie | 20 ry v 00 16 (13/09)
Wpiake water R1 BNEY do. 32, / 10. ¢ .
0 Discharge control water Y =0 N
o Discharge treated water R2 Pz 20 .9y 2. 09 /0.3 ¢ /.0
0 Discharge treated 3
water(Nettralized water) R3 P 20 4% 31.09 /0.5 /e O
oBO)oMOMH ) | Mesuigine | 0/ (2 ~ of11>  (0/07)
r1 Uptake water R1
0 Discharge control water el
0 Discharge treated water R2
o1 Discharge treated R3
| wete(Neuize i) il
oB( )OM( )oE( ) | Measaigtine el
r1 Uptake water R1
o Discharge control water //
0 Discharge treated water R2
o Discharge treated
water(Neutralized water) R3 //
OB( JOM( )oE( ) | Messigine | _—
0 Uptake water R
0 Discharge control water //
0 Discharge treated water—1 R2
1(Newtrdlized water) o
)oM( )oE( ) | Measuingtime
Remarks
Working Date Dec.. 08 o Dec - © 7 Study Personnel Teerooo . (e @3)/
Confirming Date C .o Confirmed by éﬂ,\ e - Lic ) i
[ec. 29 oy by ) G5

Worksheet-analysis-001-3(3)



Microbiology Test Sheet

sz}

Study number | HAN ~Shipll) Test number CeT ~{3—00 |

Sampling Time | May 0 oDayl oDay2 oDay3 oDay4 oDay5 o Other( )

Test substance é’ﬁptakewater 0 Discharge control water 0 Discharge treated water 0 Other( )
[ Dilutio;;lter/Lot No. Autoclaved Distilled water/ADW-131122

Test facility condition ‘ Start : Team.)y. ';C Humidity : &£{% P.H. /End : Teamyy). i.)LC Humidity : I-,Lﬁ % P.H.

Test condition

O Marine agar O Marine agar 0 Marine agar 0 Marine agar

| ‘Q/Aenoblc CounterPlate | 0 Aerobic CountterPlate | 0 Aerobic Countter Plate | 0 Aerobic Counter Plate
omTEC o©mEIl %TEC o mEI omTEC @ &rﬁ omTEC o©mEI
o TCBS o TCBS o TCBS MCBS

Medium name

Manufacturing date 033&.,%@ 09™ Pec n'o%LPeevOOﬂ\% a@%ﬂ. OGth. Pe ¢ o9ft. e

o0 Membrane filter &Membrane filter dMembrane filter cHfembrane filter
Test method ' o Spread method 0 Spread method 0 Spread method o Spread method
WAM™ Petrifilm | 0 3M™ Petri film | 0 3M™ Petri film | 0 3M™ Petri film

“Replicate | % } '; 3

025 C 025 T 025 T 025 T
Culture e C () wEET () VI35 () Uz ()
temperature |D41 C 041 C M1 C 04l C
0445C () a44.5°C () 0445C () 0D445°C ()
o2bhe () |a2me (D) o2he () |o2he ()
022hr () &2n (D o22hr () o22hr ()
Culture period 524 hr 024 hr M4 hr M4 hr
o( Yhr () |oC )b ( o( Yhe () o O)h ()
a¢ ybe () |o( )b ( ) o) ()

) (
) o( Yhr ( )
013% D1/ g)23¢Q

Time (Start/End) | ¢1:39%/ o2:0| @ ¥/ gy.3Q | 99/

Volume (mL) | | / 3o | <o / QO | oo / -t | oo
Dilution factor A0/ Yoo / < |- // - | / o
_Test substance :ﬂw_ U—N d / | d(/\\;) ww / Uw Ew_ _ / %MN uw
Remarks: The test of bacteria can have sample holding time. cubation © 035 W o .

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)

Working date | 04th. \DQC_ - Personnel $eo ~Jn _ j—%ﬁ“h

Confirming date 0-e¢ 2 C) | Confirmed by gt"‘fm}/ k;\? %’1"

%)cor- 131299 SesFen Ty Ae—
) BSMB-QS-06-04(2)



Test Result Sheet with Microbiology

2_0(@
Study number | HAN _gh‘.pr) ‘ Test number | LET-13-vol
*‘Sample type M. Uptake water o 2. Discharge control water o 3. Discharge treated water o 4. Other( )
Sampling time | 1 Day0 oDayl oDay2 oDay3 oDay4 oDay5 oOther( )
E——— 0 A-1. Marine agar(Heterotrophic bacteria) #A-2. Aerobic Counter Plate(Heterotrophic bacteria)
MS. mTEC(Ecoli) &C.mEl(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
N Test Result
S;Iyn;le M$ Test substance Test method Sal(nn;:lz;/oL faz:)r - CFIIZ;late -
| A)
1l ¢ |4ouw-b | MEY0sYcPEY | 10 - o | o | ©
Sojyw- P | EMFE?0s?oPEY | joo - o | o | ©
Loluw-M | ¥YMEP o S90PEY | Lo > © o ©
50luw-M | SMEP 0 S?oPEY | jov s ° o Il o
4oluw-E | ¥MF”0SY0PFY | 2o : s o | o
Soluw-E | MFY0SYoPF? | (oo - | | 5
\ b soluw-p | ®MFEY0S0PEY | 10 - o /
Soluw-pB YMEP 0 S9 apFY {00 ~ g 0, =
solum-M | BMEYoS9cPERY | )4 . ] / oD
soluw-M | MEY o SYoPEY too O / @
goluw—& | WMFY 0 89 gpF9 ) D é? /
Soluw—€ | MMEYoS?aPE? | 109 - 3 |3 g @)
| |A-2 | 4oluw-B | P M.EY o 89 4 F.9 \ K 206 \ > \
SZoluw-B | oMEY oSO IR | Ko | © o | ©
4oluw-M | OMFEPoS9dpEd | | x200 | a ||
(ol Uw-M | O M.E® 5 89 |:(|/P.F.d) \ Xvgoo Q o o
¢oluw~-E | oMEY 0 s dpR? ( Kwo | +~ | A §
SolUw-€ | oMEP 09 SR ' floso | o o | O
Remaks _ _
Working date ‘ loth.  Dec Personnel Jeo -~ I, ng, (9%-)
- Confirming date o 0,‘:;,‘ [Z Con_fm_ned by _.é,*/\{a_,?/ /@g’ MQA‘)

a) dilution, b) membrane filter, ¢) spreading, d) petri film

Kl ""\u .1‘!‘"]?“! " Tm,k

BSMB-QS-06-05(2)



Test Result Sheet with Microbiology

20|%
Study number HAM_QWV( N Test number $ET-)-90 |
Sample type | tr1. Uptake water 0 2. Discharge control water 0 3. Discharge treated water 0 4. Other( )
Sampling time | #Day0 oDayl oDay2 oDay3 oDay4 oDay5 oOther( )
0 A-1. Marine agan(Heterotrophic bacteriafef A-2. Aerobic Counter Plate(Heterotrophic bacteria)
Medium name
‘ Jrﬁ mTEC(Ecol) o€ mEl(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
Test Result
Sample | Medium Samplevol. | D? CFU/Plate
Test substance Test method
Type name (mL) factor R1 R2 R3
I C Umi4ect | ¥ME”0S?oPFY . “ ) o /
Hher test | YME” 0 S9oPF? . - O /
BiTA] e AM.EY o §9 oPFY . o /
| B WA Tect Vi
Ftte test | ¥YME? 089 opF? o /
3 b) c) d) -
| A-2 zlfgﬁ- degt | O M.F.” o S” oP.F. ( (v} /
| 0 ME? o 89 oPEY Fd
o M.EY o $9 oPE? //
o ME” o $YoPE? e
o M.E® o 89 gPE? /
o MFY o s9 opr? A
o M.E” 089 aPF? //
o M.E” 0 $9 opFY /
i L
o M.E” 08 cPEX
o M.E? o S26P.E
0 MY D 9 oPFY
L&MEY o 89 cPEY
/ o M.E” 0 $? oPF?Y
/ o M.E” 0 8”oPE?
Remaks
Working date toth. Oec Personnel ‘TE' o-Jn . :)-vg’ (b‘kﬂr
Confirming date 9—&0_ |2 Confirmed by %‘M} leay ‘/qu/g@_

a) dilution, b) membrane filter, c) spreading, d) petri film ¢1del. Teo-Fin, Toihes

BSMB-QS-06-05(2)



Vibrio cholerae O1, 0139

201)
Study Number HAM -Ship (L . Test Number CET=-1)-co\
Sample type Mjptakewater' 0 Discharge control water 0 Discharge treated water 1 Other( )
Sampling time | Day 0 0 Day 1 0 Day 2 0 Day 3 o Day 4 o Day 5 o Other( )

1. Procedures A
[ Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.

[ ] Incubate at 36°C + 1 °C for 6-18 hours.
[] Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139

antiserum for serological identification.

2. Results
Test substance 01 0139 - Sum o
Seluw-b o O 0
SOl K- M o ° v
Soluw-E o) o O

— =

Working date ot . Dec | Study personnel | Seo- T Tay oD
Confirming date Pec. (2 ___Confirmed by Evn~ oy i, 5%/
L " a

Worksheet-Microbiology-003-2(2)



2!}

Test Result Sheet - Classification (1)

Study number \-\P‘M '-4,4‘.0 i Test number %,,,3 —ot |
Organism o> iO to 50 um‘ ' >50 um Method [Vﬁirect o Dye ( )
.0%\\«03(‘/ d,\ﬁn v] 7
Concentration [0)00 v — j_,ﬁ) M\ Testing time Start : e /End: o\ ‘.“;L)
Number of organism Minimum
Sample name Counting volume Classification dimension
R*1 R2 R3 (pm)
Acatie  Pocfi o | T | % |0~
b WO\ \w\\ 1 3 ~
HL —Soluw- 0 Hronn Gt |1 >3 | 2@ | 32 Qo ~ feo
(Owl Pov-atalanng  Pa-Vns <o Fo| 24 | 26 | t4e ~ (b
B Tewora oy blead Ll 1Y M40 =140
Clrribedlon  [arvae ) > 3 | 90 ~[@o
Cord Grevt atfinis pl 1 | ¢ |90 ~o
| HarpacT) colda sp £ 1 g4 | 3 |90~ (eo
| g‘}&Pﬁé\ Pa CL-PZ ren ) 9 Q| /v~ [§o
Pare laws s Ryyus S, 390 | 853 | (o | /g0~ [f
, 0 Menn  Shi)ls {3 44 | &) |90 ~ (e
H L" g O(uw (Ou.\.( Tpr)}-(;\ W\flo\lmu-\—p\ 2 2 5 /¢0 ~ /OO
L Cery(nett. ot g [ [ O |9 ~ /8o
™ ._Clt»:‘;\?\_e&_‘w&_ _(oae 2l o [ 9o . foo
HorbAchicoide gp | 4 | & |9~-re
VAV Chael  [ardee / 0 [ | [~ [¢o
Reatise Qo e Sl & | 2 | jjerff
ol an vl
He — Solyw [70}%0\( lewe Pl | L€ [ B | e j“_v
Otfhova SV {ls | 23 | A3 | o~ feo
(ol HD\F'?Aer\nCe:lﬂ\ tme | £ | &£ | 2 | Go~ [eo
E ‘ Tewo "E‘U\\-L‘MJ—D\ — \ [ (%o ~ ()0
Corlaess  affiere 0 L | | ge ~1%0
C‘w-v-?l‘)fac(‘a (N -Var | 0 o) gp ~ (e°
_______.——'—'_'_'_'- —~
Remark b aan . . ) . .
DoV A (B)231e ~ 1317 (M) et le~boizh &) pleria M Ol

Pl

Working date

lereq . bec 203

Study personnel

mckkg—feqlé__ GL‘. }éﬁ@

Confirming date

o3 pec. =V

Confirmed by

Emtary fuy ) )

* R: Replicate

i

Worksheet-Plankton—003-2(2)



Test Result Sheet - Classification (I1)

20!3
Study number | HAU“S‘f‘Tp C\) Test number S’E‘T—l';—cv\
Organism |2 10to50 pm 0> 50 pm Method oDirect  ¥Dye ( Fp A )
|
Concentration —_— Testing time Start :Il); j3 /End: 8o &W
i . Number of organism Minimum
Sample name Counting volume Classification { dimension
R*1 R2 R3 (ptm)
' Auwphtdttam, . O | @ C:f e ~>Y
HiSol0Wg| Qtml | Plewssgme /] o lo L
ha Mss11¢ Sux $p. 9 D & | 2P~ 44
-‘rf&"iﬁﬂi‘?ﬁ‘? L] 4| ¢ [
fe'b—bc\,/ ndas ¢ }2 . ° 3 |o M-
Pretys cha S 2| g [l
Co thilebty gum 5 p- ALY | 2| fp-2°
| Matlg- Sp. L I |/ | -1+
P }Ola(du«l'lzmw S ]7 / e 1= Zg
[k drurtam<p b 2| ol [£-2F
londtom & P : o [l le
o | Chiew p ©| o ) 2K~
~4oluh-U - l'lm«m <h (| ° P 20
HE l Q*T""V(/ émﬁ»«i{ocaq S P ol |S 7~
Tty ¢ue 53 [z | 6 |9 | 22~4F
et Ry ol 3 |7 |y
 Loptotyludes 5p 2|0 P [
P letyo e Sp S/ |/ |>=-%
&LLPJ‘M‘QLJ §P L(' 2 l (o~ =
Mot g sp_ n | 1 [1e -/}
ftetodm (h _,4\_ L[/ I~ 24
_Ciyredimium ﬂo O (]| 2 |24
peenel sp 2 = -~ | £
Chuae 5D . / 2 X
. AL=Selviv-8 = J@azol” /%—i—@"‘%‘ m_-—coluw~ & Stud=t
(Gl o) (= :15)
Xorlﬂlg date oq—“‘_l De/c‘ J__c) ? | Studz' personnel g’“"’“’lﬂ"?’.«, h _
Confirming date ____,.f-/ Confirmed by "/"/7‘¥/

* R: Replicate
Worksheet



Test Result Sheet - Classification (1)

20/3
Study number | HAU'SL‘TDC‘) Test number S’E“[’/(s——er_ﬁ)
Organism | Mé 10 to 50 pm 'D > 50 pm Method o Direct  ‘¥Dye ( % A )
Concentration _ Testing time Start : O :23/End: 0] S“O
Number of organism | Minimum
Sample name Counting volume Classification dimension
R | R (pm)
Plews s |l 2 o Do ~3Y
HL"SO'UW'E‘ o ¢ Fl V’j’(a,ww - = %L‘,
S | Thalon ¢sT0 614 S 21 b | | 22 ~45%
ewlns el <H o P 20 ~2 Y
| . LA | J 3
Dietpcha {3 2 2-7 / o "~ 3
. Cﬁékllg&gsﬂv\m §¥. G‘ %/ o lo ~2=
paﬂm‘@,« §lr7 = 7] 6 5 e~ I
Protetzndimnn §p . [ o P ok
| Jfa&:hpﬂ. A 910 . 2 O | ) I~ 25
‘ ‘ . o o )
| Gyratuctan 1va / ;—L;// »
/ —~
L
] -
/
=

e

L~

s
Remark |

A —

Working date

Confirming date

R

i W ) e
I

-_-_.__________...-’

Confirmed by

Study personnel

iy Ko

* R: Replicate

Worksheet-Plankton—003-2(2)




4.2 Test 2 report and raw data

Test Report

Project name | EcoGuardian™

Test number SET-14-001

Port Kaohsiung (Taiwan)-Ballasting

Titl Efficacy test of EcoGuardian™ Ballast Water Management
itle System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK



bwt14
텍스트 상자   
4.2 Test 2 report and raw data


Test Report SET-14-001

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed
in accordance with protocol and standard operating procedures (SOP) of Busan Techno-
Park(BTP). The report was an accurate reflection of the raw data generated at the BTP.
Inspection of the routine and repeated procedures that constitute the study was carried out as a

continuous major phase at or about the time this study was in progress.

Test plan May 19,2014 May 19, 2014 May 19, 2014

1* May 22, 2014 May 22,2014 May 22,2014
Sampling ;
2 " - -
1% May 22, 2014 May 22, 2014 May 22,2014
Test substance
2nd - 3 .
15( _ - -
Test procedures
(Bacteria test) ond u _ _
Observation and 1% May 22,2014 May 22, 2014 May 22, 2014

counting
(2504, 104m-504m) | 2% - - s

Observation and 1 - 3 =
counting ;
(Bacteria test) 4 # - -

.,,0 ’(v "SZW : l'Z’FL“OCx 2ol
éf rlﬁ" (@‘4{ c \-{“

Seo, Hyo-Jin / Project director Date
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Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Marine Bio-

industry Development Center in performing the test.

Name Date

Study Personnel l< ot HWI/‘;J/ZQO /1 6 Zé;@)f]ﬂ (ngﬁ ‘ p(fc | 'ZO/%
=

{ﬁhg— o, i }3@’ (28 . Dec. dorg

l‘/@g, 97 - Sun [‘% l?)hu Dec 2/0“‘(’

v

Fow(t (U [ryung (‘F;)l’) et L Dec é&“—f
/ T

(sign)

(sign)

Project director éaa | H‘a,v *j"ln (M (Z—d& « bec . Q,olLf

sign)
Vv
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Test Report SET-14-001

1. Results

1.1 Loading record

Vessel name SSANG YONG CHANGYAHNG
IMO number 9121027
Sample Loading Discharge
e WGT (Mt) (Date/Location) (Date/Location)
May 22" 2014
Control | No.3D/BW.B.T | P, S 1370 |Kaoshiung -
(22°36.20N, 120°17.1E)
No.4 D/BW.B.T
Treated | \o5pgweT | PS| 60 - ]
1.2 Water parameters
Table 1. Water parameters at field
Dat sk |D 4 Temp | Salinity DO Turbidity| TRO
ate pe B (°C) | (PSU) | (mg/L) | (NTU) | (mgL)
HL-SO2UW-B | 7.88+0.00 | 2887+002(34.30+046| 555+035 | 101+00 -
Day 0 | HL-S2UW-M | 791+001 |2897+005|3393+015| 559+004 | 101+00 -
HL-SO2UW-E | 792+000 | 2898+0.12|33.74+003| 552+0.11 | 101+01 -

Data were presented as mean+S.D of three repeated measurement.
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1.3 Influent water : Uptake water

1) > 50 pm organism

Table 2. Survival number of the organism larger than 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(pm)
Parvocalanus sp. 5,383 £ 597 180 ~ 210
Oithona sp. 5,050 £ 879 100 ~ 120
Acartia sp. 150 + 50 170 ~ 220
HL-S02UW-B Arthropoda Paracalanus sp. 167 + 58 230 ~ 280
Harpacticoida sp. 200 = 50 80 ~ 100
Nauplius 100 £ 50 60 ~ 80
Calanus sp. 150 + 132 180 ~ 220
Parvocalanus sp. 3,417 + 153 180 ~ 210
Oithona sp. 5,167 + 306 100 ~ 120
Acartia sp. 300 = 50 170 ~ 220
Arthropoda Paracalanus sp. 333+ 161 230 ~ 280
HL-S02UW-M Corycaeus sp. 100 £ 87 220 ~ 250
Harpacticoida sp. 183 + 189 80~ 100
Evadne sp. 100 + 132 300 ~ 330
Nauplius 50+ 50 60 ~ 80
Annelida Polychaeta larvae 67 + 76 180 ~ 220
Protozoa Tintinnopsis sp. 567 £161 70 ~ 90
Parvocalanus sp. 2,867 £ 153 180 ~ 210
Oithona sp. 4,317 £ 202 100 ~ 120
Acartia sp. 500 170 ~ 220
Arthropoda Evadne sp. 67 £ 29 300 ~ 330
HL-S02UW-E Harpacticoida sp. 83+ 29 80~ 100
Paracalanus sp. 33+58 230 ~ 280
Nauplius 17 £ 29 60 ~ 80
Annelida Polychaeta larvae 67 + 76 180 ~ 220
Protozoa Tintinnopsis sp. 383 + 189 70 ~90
Total 11 species 3 phyla/divisions 9,789 + 1,713 -

Acceptability

Influent condition:

Acceptable
(>10%ind./ m®)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.
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2) 10 pm - 50 pm organism
Table 3. Survival number of the organism between 10 to 50 pm
Minimum
Sample ID | Phyla/Divisions Species individuals/mL Dimension
(pm)
Chrysophyta Thalassiosira sp. 212 15~25
HL-SO3UW-B Pyrrophyta Prorocentrum sp. 41 15~ 40
Ceratium sp. 1£1 16 ~ 30
Thalassiosira sp. 10 15~25
Probosica sp. 01 20~ 35
HL-SO3UW-M Chrysophyta Guinardia sg. 1£1 10~ 20
Melosira sp. 1+£2 15~ 30
Pyrrophyta Prorocentrum sp. 51 15~40
Melosira sp. 1+1 15~30
Chrysophyta Thalassios_ira sp. 1£1 15~25
HL-SO03UW-E Eucampia sp. 1£1 15~ 30
Skeletonema sp. 3t1 12 ~25
Pyrrophyta Prorocentrum sp. 4+1 15~ 40
Total 8 species 2 phyla/divisions 9+1 -

Acceptability

Influent condition: Unacceptable
(>10%ind./mL)

Data were presented as meantS.D of three repeated measurement.

Some species were rare, the standard deviation was high.
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1.4 Elimination efficacy

1) > 50 pm organism

Table 4. Survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals/m® Acceptability efficacy
(%)
HL-S02UW-B? 11,200 + 589 .
Uptake water : Influent condition:
P HL-S02UW-M" 10,283 + 671 Acceptable -
(Day 0, Uw) (102 ind./m?)
HL-S02UW-E® 7,883 + 493 = '
2) 10 pm - 50 pm organism
Table 5. Survival number of the organism between 10 and 50 pm
Elimination
Test substance Sample ID individuals/mL Acceptability efficacy
(%)
HL-S02uW-B? 7+3 .
Uptake water : Influent condition:
P HL- Se2UW-M" 942 Unacceptable -
(Day 0. e (=102 ind./m?)
HL- S02UW -E? 9+1 = '

a) B: Beginning, b) M: Middle c) E: End, d) Calculation = (Uw-T6)/Uw*100
Data were presented as mean+S.D of three repeated measurement.
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3) Heterotrophic bacteria
Table 6. Survival number of heterotrophic bacteria
Elimination
Test substance Sample ID CFU/mL Acceptability efficacy
(%)
HL-S02UW-B? 267 + 58
Uptake water ) b i i
(Day 0, Uw) HL- SC2UW-M 250 + 87
HL- S02UW -E° 200+ 0
4) Escherichia coli
Table 7. Survival number of Escherichia coli
Elimination
Test substance Sample ID CFU /100 mL Acceptability efficacy
(%)
HL-S02UW-B? 116 + 17
Uptake water ) b ) i
(Day 0, Uw) HL-S02UW-M 136 + 18
HL-S02UW-E© 67+ 10
5) Intestinal Enterococci
Table 8. Survival number of intestinal enterococci
Elimination
Test substance Sample ID CFU /100 mL Acceptability efficacy
(%)
HL-S02UW-B? 23+ 4
Uptake water i N Y i
(Day 0, Uw) HL-S02UW-M 1+1
HL-S02UW-E® 3+1
6) Vibrio cholera O1, 0139
Table 9. Survival number of Vibrio cholera O1, 0139
Elimination
Test substance Sample ID CFU /100 mL Acceptability efficacy
(%)
HL-S02UW-B? N.D
Uptake water ) b ) i
(Day 0, Uw) HL-S02UW-M N.D
HL-S02UW-E© N.D

a) B: Beginning, b) M: Middle c) E: End d) N.D: Not detected
Data were presented as mean+S.D of three repeated measurement.
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2. Validity

2.1 Water parameters measurement

* All measurements were tested more than three times.
» Water parameters were analyzed as soon as possible after sampling.

2.2 Biological efficacy test

« Valid tests are indicated by uptake water, for both the control tank and ballast water to be
treated, with viable organism concentration exceeding 10 times the maximum permitted
values in Regulation D-2.1

- Influent condition in all tests was unacceptable for IMO standards (MEPC58/2/4).
- The organism larger than 50 pm: > 10? individuals/m® (Acceptable)
- The organism between 10 pm and 50 pm: > 10% individuals/mL (Unacceptable)

S D (indin?gul;?;/mS) (i%u%%@gg/lr‘nri)
HL-S02UW-B 11,200 + 589 743
HL-S02UW-M 10,283 + 671 9+2
HL-S02UW.E 7,883 + 493 9+1

% Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension

 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time

Day 0 HL-S02UW-B,M, E May, 22 14:00 May, 22 18:00
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3. Conclusion
3.1 Unacceptable of Influent water and discharge control water condition for IMO
standards.
» Uptake water condition of organism between 10 pm and 50 um was unacceptable for IMO
standards.

» Therefore, test was invalid.
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4. Appendix

Appendix 1. Water parameters at field

1) Uptake water

oae | samperp | R® | g | T | Samiv | 0o | iy
R1 7.88 28.85 34.80 5.28 10.1

HL-S02UW-B | R2 7.88 28.89 34.20 5.43 10.1

R3 7.88 28.86 33.89 5.95 10.1

R1 7.91 29.00 33.76 5.63 10.1

Day0 | HL-S02UW-M | R2 7.91 29.00 34.01 5.56 10.1
R3 7.92 28.92 34.02 5.57 10.1

R1 7.92 29.12 33.71 5.59 10.2

HL-SO2UW-E | R2 7.92 28.92 33.76 5.58 10.1

R3 7.92 28.90 33.76 5.39 10.1

a) R: Replicate
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Appendix 2. Survival number of > 504m organism in uptake water(Influent water)

Date Sa:réple Classification C\:/%li::]r?;g Rla)deVIiLzlaIS/m3 =3 Mean @ SD"
Parvocalanus sp. 121 98 104 5,383 597
Oithona sp. 88 121 94 5,050 879
HL- Acartia sp. 2 3 4 150 50
S02UW Paracalanus sp. 5mL 4 4 2 167 58
B Harpacticoida sp. 5 4 3 200 50
Nauplius 1 2 3 100 50
Calanus sp. 0 5 4 150 132
Parvocalanus sp. 71 69 65 3,417 153
Oithona sp. 98 102 110 5,167 306
Acartia sp. i/ 6 5 300 50
Paracalanus sp. 8 9 3 333 161
SO|_2”[J_VV Corycaeus sp. - i 4 1 1 100 87
-M Harpacticoida sp. 8 2 1 183 189
Day 0 Evadne sp. 5 1 0 100 = 132
Nauplius 2 0 1 50 50
Polychaeta larvae 3 0 1 67 76
Tintinnopsis sp. 15 10 9 567 161
Parvocalanus sp. 60 54 58 2,867 153
Oithona sp. 87 90 82 4,317 202
Acartia sp. 1 1 1 50 0
e Evadne sp. 2 1 1 67 29
S02UwW Harpacticoida sp. 5mL 2 2 1 83 29
E Paracalanus sp. 2 0 0 e 58
Nauplius 0 0 1 17 29
Polychaeta larvae 3 0 1 67 76
Tintinnopsis sp. 12 5 6 383 189

a) R: Replicate
b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 3. Survival number of 10u#m - 50u4m organism in uptake water(Influent water)

Sample Classification Counting R1Y® R2 R3 individuals/me
ID volume Mean s.D.?
HL Prorocentrum sp. 5 4 4 4 1

-S02UW- Thalassiosira sp. 1mL 3 2 0 2 2

B Ceratium sp. 2 1 0 1 1
Thalassiosira sp. 1 1 1 1 0
HL Prorocentrum sp. 5 5 6 5 1

- SO2UW- Probosica sp. 1mL 1 0 0 0 1

M Guinardia sp. 1 1 2 1 1
Melosira sp. 3 1 0 1 2

Melosira sp. 1 0 2 1 1

HL Prorocentrum sp. 4 5 4 4 1

- SO2UW- Thalassiosira sp. 1mL 1 1 0 1 1
E Eucampia sp. 2 0 0 1 1
Skeletonema sp. 2 3 3 3 1

a) R: Replicate, b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 4. The number of heterotrophic bacteria in uptake water by treatment of
EcoGuardian™ BWMS

Date Sample ID ngg,f(i)?_n 5 CRU/mE Mean sp®
R1 R2 R3
HL-S02UW-B 6 6 4 267 58
Day 0 | HL-SO2UW-M X 50 6 6 3 250 87
HL-S02UW-E 4 4 4 200 0

Appendix 5. The number of Escherichia coli in uptake water by treatment of
EcoGuardian™ BWMS

CFU/100 mL
Date Sample 1D Mean sp®
R1% R2 R3
HL-S02UW-B 32 31 24 116 17
Day 0 HL-S02UW-M 35 38 29 136 18
HL-S02UW-E 17 19 14 67 10

Appendix 6. The number of intestinal enterococci in uptake water by treatment of
EcoGuardian™ BWMS

CFU/100 mL
Date Sample 1D Mean sp®
R1% R2 R3
HL-S02UW-B 22 27 20 23 4
Day 0 HL-S02UW-M 2 1 N.D © 1 1
HL-S02UW-E 4 3 2 3 1

Appendix 7. The number of Vibrio cholera O1, O139 in uptake water by treatment of
EcoGuardian™ BWMS

CFU/100 mL
Date Sample ID Mean sp®
R1¥ R2 R3
HL-S02UW-B N.D N.D N.D N.D -
Day 0 HL-S02UW-M N.D N.D N.D N.D -
HL-S02UW-E N.D N.D N.D N.D -

a) R: Replicate
b) S.D: Standard deviation
¢) N.D: Not detected

Page 11



Test Report SET-14-001

Appendix 8. The microscope image of >504m in uptake water (Day0)

Uptake water (Day 0)

Parvocalanus sp.* Oithona sp.* Acartia sp.*

Paracalanus sp.* Harpacticoida sp.* Nauplius**

Calanus sp.* Corycaeus sp.* Evadne sp.*

Polychaeta larvae* Tintinnopsis sp.*

* Maghnification : 40
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Appendix 9. The microscope image of 10#m—504m in uptake water (Day0)

Specific Name

Original water

Optical

Fluorescence

Prorocentrum
sp.

Thalassiosira
sp.

Ceratium sp.

Probosica sp.
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Guinardia sp.

Melosira sp.

Eucampia sp.

Skeletonema sp.

100 pm

Magnification : 200
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Appendix 10. The image of heterotrophic bacteria

Uptake water (Day 0)
Beginning Middle End

Appendix 11. The image of Escherichia coli

Uptake water (Day 0)

Beginning Middle End

Appendix 12. The image of intestinal enterococci

Uptake water (Day 0)

Beginning Middle End
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Appendix 13. The image of Vibrio cholera O1, 0139

Uptake water (Day 0)

Beginning Middle End
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5. Attachment
5.1 Sample check & custody Sheet

5.2 Water parameter measurement sheet (1)
5.3 Microbiology test sheet

5.4 Test results sheet with microbiology
5.5 Vibrio cholera O1, 0139

5.6 Test results sheet — Classification(l1)
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Sampling check & custody Sheet

20

Study number Test number SET - 1)--00 |

Sampling time \Z(Day 0 opDDayl oDay2 oDay3 oDay4 oDay5 oDay( )

Sample location A Uptake water 0 Discharge control water 0 Discharge treated water 0 Other( )
P o i Sample i : S.amplmg. time
Con.” Bottle Vol. (L) | P.” | Beginning | Middle End
TSS HDPE 2 ol
DOC, POC HDPE 2
Bacteria (4 item)” HDPE 7 02 135 3 fof s 5 /6 0%
Organism (10~50 pum) HDPE ‘ o3
Organism (=50 pm) foen 9 0,25 HDPE 0.75
Sample location o Treated water o Treated water (Neutralized)
S | S ling ti
Parameter ) Sl b) - 'amp mg. —
Con. Bottle Vol. (L) | P.” | Beginning | Middle End
Bacteria (4 item) © HDPE ol
Organism (10~50 pm) HDPE o2
Organism (=50 pm) HDPE o3
Concentration

Parameter Vol. of concentrated before Equipment Mesh size
Organism (=50 pm) (L) net 32 pm
Organism (10-50 pm) (L) net S pm

Sample storage information
Parameter \ Location & condition Storage time
TSS .
Freezer(-20C)

DOC, POC
Bacteria (4 item) Refrigerator(4 C)
Remarks

* First, fill a 1~20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pum), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity

* Separately, organism(>50 pm, 10 ~ 50 pm) sample was concentrated with net.

* Storage time of “bacteria sample™ is for “heterotrophic bacteria test”

* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 6 mL HC1 of 2 L sample)

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuardian™ ) start time for treated(or neutralized) sample :

o
Working date <O 0% .72 Personnel lee TT-Sun @@,
Confirmation date 20| q.\ og 2P Confirmed by Lee 37 - Sun
a) Concentration b) Period 7 ’

c¢) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Worksheet-Field-001-2(3)



Water parameter measurement sheet (1)

, Busan Techno—Park

/%, Marine Bic-industry Development Center

200
Study Number HAN-Ship ([ ) Test number SET-14 ~0vo |
Sampling time E/bayO oDayl oDay2 oDay3 o0Day4 oDay5 aDay( )
Equipment V(] 6720 - PH. temp., salinity, DO / Yg( bq2© - Turbidity
Sample Replicate pH Temp (°C) | Salinity (%) | DO (mg/L) “‘&b;gi)ty
A Testwater R1 N 39 23 4t @roe g | 6 2F ./
it Re_ | 003 | 2939 | @426, 45 | (2T
O Netralized waer R3 38 2% 76 2331 | 6.9 . (
B )oM( )oB( ) | Messigime | (% (§4
\of Test water R1 nNg | 2%.60 23 74 L > iz,
Control
Edewv?: LY Nl 29 °° 74 ol .56 (2, ]
oNoumbrdvear 1R M1 28 .92 | >¥02 |557 l3 [
0B( )N )oF( ) | Mesuigime | |5 0 (
e R [ 02 [2902 [330] [5$9 [io2
0 Treated water R2 N:92 2392 33,06 .08 N
" Neutaked water R3 ndz [2%40 |3 0 5 179 o, |
OB( )oM( )O&( ) | Measringtime | |§ - 07
O Test water R1
0 Control water RO
0 Treated water
O Neutralized water R3
oB( )oM( )oE( ) | Mesringtime
O Test water R1
0 Control water R2
01 Treated water
0 Neutralized water R3
0B( )oM( )oE( ) | Mesuingtime
O Test water R1
0 Control water RO
O Treated water
_D_Nelmalizedwala' R3
0B( )oM( )oE( ) | Mesuingtime
Remarks
A
Working Date Mo\\/ L2 Study Personnel Lee o7 = Soi %;
Confirming Date Md{/\/ QL Confirmed by \ee TT-Sun
/

/ -

Worksheet-analysis-001-3(3)



2014

Microbiology Test Sheet

Study number

HAN - Slyip( 1)

Test number

seT— lE-=*)

Sampling Time

\E{DayO o Day 1

oDay2 oDay3 woDay4 oDay5 o Other(

Test substance

Dilution water/Lot No.

)

El}ﬁpﬁal@water 0 Discharge control water 0 Discharge treated water o0 Other(

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Team.gq C, Humidity : \H % P.H./End : Team.24] C, HumidityLH % P.H.

Test condition

0O Marine agar
M Aerobic Courter Plte

O Marine agar

0 Marine agar

O Marine agar

. o Aerobic Courter Plate o Aerobic Courtter Plate 0 Aerobic Counter Plate
Medium name
omTEC o mEI KmTEC o mEI omTEC mEI omTEC o mEI
o TCBS o TCBS o TCBS VTCBS
Manufacturing date M,,?/ <L M&\\{ 2l Md\/ 2 Mﬁxy 21
O Membrané filter \:‘(Membrane filter E/Membrane filter \{Menllbrane filter

Test method o Spread method o Spread method o Spread method o Spread method
\lz{3 M™ Petri film o 3M™ Petri film o 3M™ Petri film o 3M™ Petri film
Replicate % 2 9 s
n25 T 025 T ob257TC 025 C
Culture M350C () 0350C () 0350C () VWis0C ()
temperature 041 C 041 C \{41 T 041 T
0445C () A445C () 0445C () 0445C ()
o2hr () Vo () |o2me () a2hr ()
o22hr () Y2 Q) o22hr () o22hr ()
Culture period 24 hr 024 hr }(24 hr 24
o( )Ybr () a( )hr () o( Yhr () o( Yhr ()
o( )Yhr () o( Yhr () o ( )hr () o( )hr ()
Time (Start/End) g‘,‘%‘;‘.‘ 5.1 / ug ;. 5?“ | 7 '(E el ; .:{; ee 8 ./ if;f E‘" .‘f« /{;f A /,:;/ ;‘f
Volume (mL) \/o I ’ / 25 | /o0 / 25 /oo | 70
Dilution factor X500 [X200 // ) // \ // /
Test substance / /

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)

Working date M N z Personnel Lge ST Sun & ;
* _EBer Ol vV =4
Confirming date May 12 Confirmed by | (pe T7T <y
L

, Busan Techno—Park

/ .. Marine Bio-industry Development Center

BSMB-QS-06-04(2)



Test Result Sheet with Microbiology

204
Study number HAb ~ship ( 2) | Test number CeET — -2 )

Sample type | 1. Uptake water 0 2. Discharge control water 0 3. Discharge treated water 0 4. Other( )
Sampling time '}Q/Da;r 0 oDayl oDay2 oDay3 oDay4 oDay5 oOther( )
1R L 00 A-1. Marine agar(Heterotrophic bacteria)ef A-2. Aerobic Counter Plate(Heterotrophic bacteria)

\7B. mTEC(Ecoli) ™. mEl(Intestinal Enterococci) oD.TCBS (Vibrio cholera)
Test Result
S;r;:ele Mn::n Test substance Test method Sal(nr:t;d' f:z:)r o CFIIZZlate 5
| A-2 |Selw—B o M.EY o S9wPEY ; 5o A d
S — R o MEY 0 $9 apE? | /00 o / 2
Show-M | OMEYoS?gRPEY | 0 6 4 32
Cow-M | OMEYoSYgPEY | /o0 | © i
Sopw-E | O M.E? o $9wPF.? ; 40 &k 4 7
~ [Soww-E | D ME? o S9ePFE? 1 /00 | @ O (7
| B | ¢lw-8 |YMEY08YcPE? | 2% ) 32 | %) | 2d
Sopw-B | ¥MEY oS aPE? | oo ] g | 9d | o2
Chow-M | ¥ME?aS9aPE? | o5 | 35 2T | 27
Coow-M | oMEPas? PR | £0 0 ‘ L | ¢y |5/
Clow-€ | YME?os9cPE? | 20 : D119 | g
¢ Mu~C | OMEP oS 0PEY | /9 0 ‘ &/ | fo | 5|
¢ [Sobw-p | YMEPaSPoPEY | op /) | /o
cApo—B | ¥MEP0SIoPE? | /0 22 | 21 | L0
Solow- M | \@ME?0s?oPE?Y | - /| 3 o
- ¢ <M | PMEY0SPcPEY | sp O - 2 /| o
ol -& w¥MFY 0 SYoPEY | 2 (5 - 0 / /
CHow & MEY 089 aPE? | 4 0O 4 4 2
Remaks
Working date NO\\/ b Personnel lee TT SuN 7
Confirming date W) 6\;/ ‘ M_H'? Confirmed by lee OT SO0 ﬁ

a) dilution, b) membrane filter, c) spré(adi.ng, d) petri film _
BSMB-QS-06-05(2)

__{—» Busan Techno~—Park
'/IL, Marine Bio-industry Development Center



Vibrio cholerae O1, 0139

204~
Study Number HA -<hi P (o) Test Number SET — [ —ov |
Sample type | Uptakewater 0 Discharge oontrol water 0 Discharge treated water 0 Other( )
Sampling time  MerDay 0 0 Day 1 o Day 2 o Day 3 o Day 4 o Day 5 o Other( )
1. Procedures
¥] Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.
¥ Incubate at 36°C + 1 °C for 6-18 hours.
¥] Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
antiserum for serological identification.
2. Results
Test substance 01 0139 Sum
Solyw — B - - ~
Solyw = M B _ ~
Colvw — (= - — _-
3. Remarks
Working date M oy oM Study personnel e —+—Sun (‘ggg
Confirming date A4 ﬂ(\j 'L;ﬂ’) Confirmed by &e 31 Sun é,éﬁ

P — Worksheet-Microbiology-003-2(2)
/[ L. Marine Bio-industry Development Center



Test Result Sheet - Classification (II)

20y

Study number ~ - Test number Q‘ET -y - ool
."Test substance ! — 5 : L°LN°' 3 ' -
3 : '_Ql_jgi_m_lg_l_;l 3 0>10to 50 um E/z 50 pm . i_;; & Mgt_'hu;t:if \4 Direct a Dye ( )
Co i;&:ént'ra tit')'i':'l-;; (tvn = 2coml Recewe time of g _
T T test substance
~Test start time . =~ Testend time. (g
' ' P © TR T S i Number of organism Minimum
Class:ﬁcahon At = e oo eed ;din iension
HL-So2vw-f

Pﬂrv_mlﬂm

0 ﬂ’hcym 28,

Acartia 4 /p . 9 - -

pﬂmmlzfmag’ i lo -

no\uplrus ( - g

tml Pagvocalans sp . (2\ O L0

Orthona $pp. f QR |21 [4\-\'

f Aatia_5p. | > g %

| Pavacalands sp . v« ‘Z

| ' 1 -

| Har pacticoide sp. 5 4 »

[ NGup [Tug || QY %

, Y Z

| Colanue gp. |- g U |
i —

T TSI,

Gortnenoane | S| fou i Jeony

b

Ay

* R: Replicate

> Busan Techna —Park Worksheet-Plankton—003(1)
. Marine Bo-ndustry Development Cenfer

-



Test Result Sheet - Classification (I11)

20]Y4

Study number _ ; Test number ST —(Y ~o0]
Test \suh's_ta.iicel'- ; - . Lot No —

T brg?'"‘.iﬁ?!‘- | o210t050 pm L2 50 pm £ Method :_ : dDirect a Dye ( )
B rati i Recewe tlme of 3

pGoncenrration 2 lton = 2woml | f:' test substance —

; Te-St start ti.m:é?'.'{: ([1 ! [ 15 . 'l:'ést énd__ﬁh_‘.é: e < 37”

Countmg ke

: Classnﬁcauon(

“Test _sit'e'..--‘
B volume bt s LD S 14
Hi-Gp20wH | Gml M(Aéﬁ. Nt 65

OTthoha PP 90,
R carfia 4p /
Yaroclaoe  peauue -1 q

U

UG

Corycuek 619 - |
Hﬂwmhc Mdacﬂ K4 | o
?:[/afzfm-' sp 9 | -
‘ - r | . ‘
‘ Na Mf'}fﬂ/r. 2 1 i
| o N
| | T ) M- [c 4R 9
| ,_Qazqum laae. 3 || _
) | ‘
{ |
i —
= [
| /

&) Ciww (692 Yo Befw

.'.l_);te'., [\,%y ath : Studypersonnel k{W H(/{T’J—(jo I %Mﬂ
 Certifieate date: @V o - Studydirector (), Hu7 - Jeo Mél )

7
* R: Replicate
Worksheet-Plankton—003(1)

+— Busan Techno-—-Park

'L Marine Bio-industry Development Center

-



204

Test Result Sheet - Classification (1I)

STT —14—p0 )

- Concentration -

leoa

2 upml

it test substance

Study number - i "Test number

Test substance ] - ._ ' Lot No. —

Q!fg‘?“!ﬁ‘,.“ 02> 10to 50 pm \2/2 50 um i ..?,-.:E:"Met‘hoft-i- ol D\léirect o Dye ( )
rtl Recelve time of :

Test start time..

(_L . (&

“Test "endw ﬁm s

“Test site

-~ Classification "

HL-50 20~ E

P arvocolang Gp

0 (thna 4on

harte GP / i /
Cuoclne c.p Z- 4 !
Harmcrtcomé« §p -l > /'
Tind ik Spp. > | 6
Dn/u Shagio—larod. 3 - [
p owi @l anug 7. 2 - —
hau/n!« dg | — - N

-Date .

2N

(i —Jeor) ;ééiﬁ

Mﬂ{\I}

Certificate date

Mé’t\f wfh

 Studydirector.

un HoiTeons Gl

* R: Replicate

- Busan Techno—Park

/A Marine Bo-ndustry Development Cenfer

Worksheet-Plankton—003(1)



014

Test Result Sheet - Classification (1I)

Study number /’f A /\/ - 511"2 ( 2) Test number ) 4 &= / =00 )
Organism 0> 10 to 50 um MZ 50 pm Method \Z(Direct o Dye ( )
Concentration Hon =7 2komL Testing time Start: {4°0f) /End: ({5 2¢
My Py e o Number of organism (1:’.Iiniml.lm
ample name assification
p \{ ificati ¥ = = m(n:::;)lon
HL-502vW - 7,0/14(_ B 4o N
Ll B (ryonvisogs) 2|23 | 21y -
HL-50200-M bl M 1505w ltmn) | 22| 300 | /54 .
ey T (kdv4.38)[]69 | 763 | 57 )
HC-%00 )€ LmL — R M il 5
7
L / .
/ - -
e
S //
Remark 2.1 [4 “ R
Working date M Ay . 9qth Study personnel Vi  Hui—Teora ﬁ .
Confirming date M‘AV . A7th Confirmed by k i /”/Mf"j v‘f{/p‘,‘)/ gr?{ *
7 ~7 !

\‘\
"V

* R: Replicate

» Busan Techno—

Park

/L Marine Bio-industry Development Center

Worksheet-Plankton—003-2(2)



Test Result Sheet - Classification (II)

w/Y

L

Study number / H /‘]A’r - ShTP ( Z) Test number g t T-~ / LL +o 0 |/
Organism \é >10to50pm o> 5'0 um Method o Direct lMDye ( WA’ )
Concentration e Testing time Start : /4/ 079 /End: /5 KO
Sample name Counting volume Classification o per ol orpan s (l:lilllllllel:ls‘il(l:l
R*1 R2 R3 (nm)
HL-<o20w B(| Ll Covethron p. ~
Tha no57051 70 4p. N
= Lc h | =
[C imoprera 5 [P .
Cryin g od tnium 9P . ~
total luls ¥y ] -
H{- 50200080 Probo sica &p. 2
Crorocentoun 2P- ~
Navicalow o . ~
(ervttum  4p. ~
Tholoss, o4t cn 5p. ~
Crymneclintum _5p | ~
“totod b 4 ~
HL=G0200 8- Frorecentrum & p-
Tho \a g1 097 rn 5.
L7 Cmop horon & p. ~
Cerptium  5p.
Aot 0\( /O 42 y
H L~ S020w-11« T halassreer ca_sp. -
Provocentrum  op. - -~
Probosice Hp. -
Guiperdzo.  9p. ~
Me losro Hp . ~
Axtal /! O | 7 ~
Remark
Working date M{M[ Xzﬂt\ Study personnel rowgz /U a (C(/(. -y Aﬂ@)f
Confirming date :Lbyl & L‘}ﬁtl Confirmed by V Ty Hu 3 7(‘_/;5’ /) (g ; %LT
/ o \

* R: Replicate

» Busan Techno-Park

‘/L Marine Bio-industry Development Center

Worksheet-Plankton—003-2(2)
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Test Result Sheet - Classification (11)

Study number Hﬁ N~ aht P (2 ) Test number q& T- [~ 6o /
Organism b5 10t050 pm  ©>50 pm Method o Direct i Dye ( ’FP A )
Concentration — Testing time Start : / é\ - I;’O / End: /é wer
Sample name Counting volume Classification plqier Of organie (l:lilli::::;lil(:‘l:
R*1 R2 R3 (am)
HL-8020W-M-2 /5, (| Protoperideniam ap. ~
CT&/MHU&(V)\ U 5P ~
Cecotim 5p. =
Novicala TP ~
Tholassiosira P 5
Melogira  5p. ~
Aota| /b| 0| (£ ~
H}:%VW’ M é’gy rodthiun 4 p. -
frorocentrum ap. ~
Navicwlon ap. ~
| Lsemopho ra &p. ~
Eampran Gp . -
C. l/\D\Q"('ocCro( 57[3
Skeletone me. 4 12
Gughordion 5 2 ~
32| i)l 7
- som-EEA Melogtren  4ap.
Tro o centrum  ap . &
Tholagirestra 4p. ~
EUCCVVlPt o ap. ~
i Oalfe(Q‘(Dng Men QP Vo ? 7 =
HL-4al-E2 froroce‘vmm ap. | =
¢mfopeﬂ&ﬂ¢0(/h ap. ~
chaetoceros ap. =
Remark
Working date MO\\/ 5% -th Study personnel PWV\/E /UO\ W K;{gb
Confirming date Mg{y LY Confirmed by ki ff{/;/ ~J€o / 6') 1 @ﬁ%ﬁ"

* R: Replicate

Busan Techno—

Park

/L Marine Bio-industry Development Center

Worksheet-Plankton—-003-2(2)



Test Result Sheet - Classification (II)

20/

Study number /f/} N - Sht P c2) Test number SET~/[¢—c0 ]
Organism Lr{> 10 to 50 pm EI >50 pm Method o Direct E%)ye ( 'Fp /—} )
/ b
Concentration P Testing time Start +£ : {(;’ / End: /y SHt
Number of organism Minimum
Sample name Counting volume Classification dimension
R*1 R2 R3 (pm)

HL,QOQDWE"Z_ [ [ [i¢ mo[)bara ap. ~
Si(ele;-(onema ap. -
'\}(LU\(\U‘(a af. ~
mnadtn'um 4. e
Aoto | b | >0 | 22 ~
HL“40‘NW66 /m ( Novicnla — ap. ~
frorecentrun 4p, -
‘/\e(oﬁl x48 ﬂ'lP N
Choacto cerss 4(’ ~
’ﬂqm\mmofnmép -
Wo+oPe"(cI(ﬂ|(/lm 4,49 =
lPJ hna[&”‘ A 4? N -

/, )
*ofo»\ i ) | x0
Remark
Working date A Study personnel | [7v |- /(/ A n ).
' MO\\I/ .‘)2*}\ F /W" &Jﬁf%
Confirming date | \A\) AV Confirmed by PI'}V] HuvFJee f?ﬂ ?fj
* R: Replicate
_ Busan Techno—Park Worksheet-Plankton—003-2(2)

/L, Marine Bio-industry Development Center



Test Result Sheet - Classification (II)

HP\/\} - &_h‘;P Cz) '.'I‘est:numberf SET-I4-00 |
| Uptake vuter S
o>10to 50 pm o> 50 pm o Direct ¥Dye( DA )
HL—AODUW B '\QA L F\.(O.\FOC@M‘MW) _4p. | | % | ¢
Thalossrosira 9. 3 = .
Cerptium  4p. - / | o
HL-Sovw - M [mL | Thalatemo 4ira 4p. / / /
ProveCentrum ép 5 5 8
Brobosic o 4Lp. / 0 o
Quinordion  4p. / . 2
L Me [o L ror 4p. % / O
HL-So0W-C. | | mL Melotira  4p. [ | O Pl
Porocentrym 4P 4 z v
Ahel osht 06T o L;P / / 0
TEucom pro. 9. By 2 O
Sleeletoneme. 4p Py 3 3
///
/‘F—/
/
//
//
Reiiats.
Date Moy  d2th -sziﬁdj.r';‘._j;}.el_-':sonnel- : F&W"C Ao~ f(ya,wr
Certificate date H&‘f ,7_;]/’(}‘ Stu@_iy- director : }(\rm HLU f‘Ja;‘(_Q 7(’5%%/(/ :
‘ J

* R: Replicate
Worksheet-Plankton—003(1)

-+ Busan Techne—Park

R Merine Bic-industry Development Canfer




4.3 Test 3 report and raw data

Test Report

Project name EcoGuardian™

Test number SET-14-002

Port Gamcheon(Korea)-Ballasting / Donghae(Korea)-Deballasting

Efficacy test of EcoGuardian™ Ballast Water Management

Title System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK


bwt14
텍스트 상자   
4.3 Test 3 report and raw data


Test Report

SET-14-002

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed

in accordance with protocol and standard operating procedures (SOP) of Busan Techno-Park

(BTP). The report was an accurate reflection of the raw data generated at the BTP. Inspection

of the routine and repeated procedures that constitute the study was carried out as a continuous

major phase at or about the time this study was in progress.

21% May, 2014

Test plan 21% May, 2014 21* May, 2014
1 26" May, 2014 26™ May, 2014 26™ May, 2014
Sampling
ond 30™ May, 2014 30™ May, 2014 30™ May, 2014
& 26™ May, 2014 26" May, 2014 26™ May, 2014
Test substance
nd 30™ May, 2014 30™ May, 2014 30" May, 2014
st th th th
Test procedures 1 26™ May, 2014 26" May, 2014 26™ May, 2014
(Bacteria test) ond 30" May, 2014 30" May, 2014 30" May, 2014
Observation and 1 26" May, 2014 26" May, 2014 26™ May, 2014
counting :
(=504, 10£m-504m) | 2™ 30" May, 2014 30™ May, 2014 30" May, 2014
Oibservation snd - 27"-29" May, 2014 | 27"-29" May, 2014 | 27"~29" May, 2014
counting 31 1\/Iay~15t June 31% M st st st
b nd > ay~1" June, 31" May~1" June,
(Bacterid\eap) i 2014 2014 2014
A ) 1w ‘f‘L, ‘“’“7L
Goo My V- & 12t Dec.
4
Seo, Hyu-Jin / Project director Date




Test Report SET-14-002

Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Busan Techno

Park in performing the test.

Name Date

Study personnel kW HW'IE;D " u’ “(SJS}‘?%V (()/"')1 . pec . %l‘f

(ee 7 —Sun W \7”" Nec . 2214
L2l Gun ol S [L‘”"  Pec. >

Lee Mt{f@““@‘fﬂfﬁ@ [2+4h . Dec .>o0lY
o s eyns B k. Dec . 3ol
Younh 1 Sany. W 1940, Do Ol
lee Gook Do ﬁn) \webh. Det . sele
Project director /—;go ? Hﬁ’v* T ( ZQ%L o - %l‘{

Vn’




Test Report SET-14-002

Contents
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Test Report

SET-14-002

1. Results

1.1 Loading record

Vessel name SSANG YONG CHANGYAHNG
IMO number 9121027
Sample Loading Discharge
e o G e WGT (Mt) (Date/Location) (Date/Location)
May 28", 2014 May 30", 2014
Control | No.3D/BW.B.T | P,S| 1370 |GAMCHEON DONGHAE
(35°0448N, 128°59.70F) |(37°29.4N, 129°08.0.E)
May 28%, 2014 May 30", 2014
Treated | \O'2 Bﬁg WoT|RS| 650 |GAMCHEON DONGHAE
' o (35°0448N, 128°59.70F) |(37°29.4N, 129°08.0E)

Page 1



Test Report

SET-14-002

1.2 Water parameters
Table 1. Water parameters at field

Date Sample ID oH Tec[np Salinity DO Turbidity
(°C) (PSV) (mg/L) (NTU)
HL-SO3UW-B 8.20+0.01 1942+0.10 3325+0.13 437+013 49+08
Day 0 HL-SO3UW-M 8.31+0.01 18.90+0.24 3301+0.34 3.89+0.01 5.7+00
HL-SO3UW-E 8.34+0.01 19.76+0.06 33.32+009 549+058 39+03
HL-S03CD2-B 8.21+0.01 1919+0.23 3337+002 5.31+0.25 3.3+03
HL-S03CD2-M 8.26+0.01 19.90+0.06 33441002 458+0.03 6.5+24
HL-S03CD2-E 820+001 | 20.56+0.04 3337+007 598+0.10 32402
HL-S03TD2-B-1 | 8.36+0.02 18.07+0.06 3342+005 5.84+0.32 24402
HL-S03TD2-B-2 | 8.34+0.00 18.14+007 3340011 561+0.24 20101
Day 2 HL-S03TD2-B-3 | 829+001 18.19+003 33424003 5.00+0.08 2.3+03
HL-S03TD2-M-1 | 826+001 18.29+0.05 3343007 459+0.10 2.6+0.6
HL-S03TD2-M-2 | 827+001 18.37+004 3345006 4.38+0.02 2003
HL-S03TD2-M-3 | 826001 1848009 33414003 4.20+0.07 3502
HL-S03TD2-E-1 8.26+0.01 1852+007 33.39£008 4.12+008 33:0.1
HL-S03TD2-E-2 8.27+0.00 1849+0.10 3344+0.09 409+0.03 26+0.1
HL-S03TD2-E-3 8.27+001 18.43+0.06 33.37+0.05 411+0.01 11.6+0.2

Data were presented as meantS.D of three repeated measurement.

Page 2



Test Report

SET-14-002

Table 2. Results of DOC, POC, TSS

Dat Samole D TOC? DOC? POC? TSS?
ate Pe (mg/L) (mg/L) (mg/L) (mg/L)
HL-S03UW-B 4.157 +0067 2.171 £0.073 1.986 76126
Day 0 HL-SO3UW-M 4.663 £0215 2.119 +£0.285 2.465 75112
HL-S03UW-E 4.852 +0072 2.486 £0.111 2.366 14.0 £121

Data were presented as mean+S.D of three repeated measurement.

a) TOC: Total Organic Carbon

b) DOC: Dissolved Organic Carbon
c) POC: Particulate Organic Carbon (POC=TOC-DOC)

d) TSS: Total Suspended Solids

Page 3



Test Report

SET-14-002

1.3 Influent water : Uptake water

1) > 50 pm organism

Table 3. The survival number of the organism larger than 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(pm)
Acartia sp. 1,167 + 231 350-480
Paracalanus parvus s. I. 833 + 153 400-500
Evadne tergestina 300 £ 265 600-680
HL-SOBUW-B | Arthopoda Podon sp. 433 + 115 480-560
Corycaeus sp. 133 + 153 400-450
Oithona sp. 400 £ 100 250-320
Cirriped larvae 467 £153 150-200
Acartia sp. 400 £ 100 350-480
Paracalanus parvus s. I. 367 + 58 400-500
Evadne tergestina 33+ 58 600-680
Podon sp. 233+ 58 480-560
HL-S03UW-M Arthopoda Oithona sp. 333+58 250-320
Hemicyclops sp. 67 + 58 350-370
Pseudodiaptomus marinus 33+58 600-750
Nauplius 133+ 58 170-190
Cirriped larvae 867 + 289 150-200
Annenlida Polychaeta larvae 300 + 200 350-550
Acartia sp. 1,500 + 200 350-480
Paracalanus parvus s. I. 833+ 231 400-500
Podon sp. 533 + 208 480-560
Corycaeus sp. 33+ 58 400-450
HL-sosuw-g | Arthopoda Oithona sp. 233 + 58 250-320
Hemicyclops sp. 100 + 100 350-370
Nauplius 167 £ 115 170-190
Cirriped larvae 533 + 153 150-200
Annelida Polychaeta larvae 300 + 100 350-550
Total 11 species 2 phyla/divisions 3,578 + 746 -
Influent condition:
Acceptability Acceptable -

(>10%ind./ m®)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.

Page 4



Test Report

SET-14-002

2) 10 pm - 50 pm organism

Table 4. The survival number of the organism between 10 to 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals /mL | Dimension
(pm)
Ceratium sp. 55 15-45
Prorocentrum sp. 103 + 22 10-20
Pyrrophyta Gymnodinium sp. 3x1 10-40
Alexandrium sp. 42+ 7 13-34
HL-S03UW-B Akashiwo sp. 27+ 8 15-40
Oxyrrhis sp. 1+2 10-30
Chaetoceros sp. 22 13-40
Chrysophyta Skeletonema sp. 36 10-16
Thalassiosira sp. 43 10-45
Ceratium sp. 3tx1 15-45
Pyrrophyta Alexandrium sp. 26+ 12 13-34
HL-S03UW-M Akashiwo sp. 275 15-40
Prorocentrum sp. 143+ 24 10-20
Chrysophyta Thalassiosira sp. 3t+5 10-45
Ceratium sp. 3 4 15-45
Alexandrium sp. 12+5 13-34
Pyrrophyta Gymnodinium sp. 1£1 10-40
Akashiwo sp. 27+ 14 15-40
HL-S0SUMVgs Prorocentrum sp. 127 + 12 10-20
Oxyrrhis sp. 1+£1 10-30
Thalassiosira sp 45 10-45
Chrysophyta Skeletonema sp. 7t6 10-16
Total 9 species 2 phyla/divisions 191+ 10 -

Acceptability

Influent condition: Acceptable
(>10%ind./mL)

Data were presented as mean+S.D of three repeated measurement.

Some species were rare, the standard deviation was high.
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Test Report

SET-14-002

1.4 Elimination efficacy

1) > 50 pm organism

Table 5. The survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals / m® Acceptability efficacy
(%)
. Rd
Uptake water HL-S0SUW-B 3,733 £ 451 Influent condition:
P HL-S03UW-M" 2,767 + 115 Acceptable -
(Day 0, Uw) (=107 ind./m?)
HL-SOBUW-E® 4,233 + 231 = '
Discharged HL-S03CD2-B 1,242+ 63 Effluent condition:
control water HL-S03CD2-M 1,375 + 150 Acceptable3 -
(Bay2,C2) | ) soscp2-E 2,133 + 38 ez
HL-S03TD2-B-1 3
HL-S03TD2-B-2 N.D®
HL-S03TD2-B-3 N.D
Discharged kadleCair, ) Effluent condition:
treated water | HL-S03TD2-M-2 N.D Acceptable 99.99
(Day 2, T2) HL-S03TD2-M-3 il (<10 ind./m?)
HL-S03TD2-E-1 N.D
HL-S03TD2-E-2 N.D
HL-S03TD2-E-3 N.D

a) B: beginning, b) M: Middle ¢) E: End, d) Calculation = (Uw-T2)/Uw*100, e) N.D : Not Detected

Data were presented as meanzS.D of three repeated measurement.
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Test Report

SET-14-002

2) 10 pm - 50 pm organism

Table 6. The survival number of the organism between 10 and 50 pm

Elimination
Test substance Sample ID individuals / mL Acceptability efficacy
(%)
_ R3
Uptake water HL-S03UW-B 191+11 Influent condition:
P HL-S08UW-M"? 201 + 27 Acceptable -
(Day 0, Uw) >107 ind./mL
HL-SO3UW-E? 181+ 17 (210 ind./mL)
Discharged HL-S03CD2-B 6226 Effluent condition:
control water HL-S03CD2-M 61+ 10 Acceptable -
(Day 2, C2) HL-S03CD2-E 73+ 6 (>10 ind./mL)
HL-S03TD2-B-1 <1
HL-S03TD2-B-2 <1
HL-S03TD2-B-3 <1
Discharged HL-SRSIRe NI~ 3 Effluent condition:
treated water | HL-S03TD2-M-2 <1 Acceptable 99.99
(Day 2, T2) HL-SO3TD2-M-3 <1 (<10 ind./mL)
HL-S03TD2-E-1 <1
HL-S03TD2-E-2 <1
HL-S03TD2-E-3 <1

a) B: Beginning, b) M: Middle c¢) E: End, d) Calculation = (Uw-T2)/Uw*100
Data were presented as meantS.D of three repeated measurement.
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Test Report

SET-14-002

3) Heterotrophic bacteria

Table 7. The survival number of heterotrophic bacteria

Elimination
Test substance Sample ID CFU/ mL Acceptability efficacy
(%)
HL-S03UW-B? 83+ 29
Uptake water i D) i i
(Day 0, Uw) HL-SO3UW-M 67 + 58
HL-S03UW-E? 33+ 29
Discharged HL-S03CD2-B 7321
control water HL-S03CD2-M 63+ 6 - -
(Bay2,C€2) |y soscp2-E 87+ 21
HL-S03TD2-B-1 70 + 20
HL-S03TD2-B-2 40 + 10
HL-S03TD2-B-3 13+ 12
- -M- +
Discharged HL-S03TD2-M-1 57+6
treated water | HL-S03TD2-M-2 40 + 17 - 39.49
(Bay2,T2) | Hi-503TD2-M-3 20 + 10
HL-S03TD2-E-1 3329
HL-S03TD2-E-2 50£0
HL-S03TD2-E-3 10+ 10

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T2)/Uw*100

Data were presented as meantS.D of three repeated measurement.
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Test Report SET-14-002
4) Escherichia coli
Table 8. The survival number of Escherichia coli
Elimination
Test substance Sample ID CFU/100mL Acceptability efficacy
(%)
HL-S03UW-B? 52+ 9
Uptake water } b i i
(Day 0, Uw) HL-SO3UW-M 68+ 4
HL-S03UW-E? 33+9
Discharged HL-S03CD2-B 16+ 4
control water HL-S03CD2-M 15+6 - -
(Day 2, C2) HL-S03CD2-E 14+3
HL-S03TD2-B-1 N.D ®
HL-S03TD2-B-2 N.D
HL-S03TD2-B-3 N.D
Discharged HL-SOSqbe--1 N8 Effluent condition:
treated water | HL-S03TD2-M-2 N.D Acceptable 100.09
(Day 2, T2) HL-S03TD2-M-3 N (<250 CFU/ 100 mL)
HL-S03TD2-E-1 N.D
HL-S03TD2-E-2 N.D
HL-S03TD2-E-3 N.D

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T2)/Uw*100, €) N.D : Not Detected
Data were presented as meantS.D of three repeated measurement.
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5) Intestinal enterococci

Table 9. The survival number of intestinal enterococci

Elimination
Test substance Sample ID CFU/100mL Acceptability efficacy
(%)
HL-S03UW-B? 39+2
Uptake water i D) i i
(Day 0, Uw) HL-SO3UW-M 37+5
HL-SO3UW-E? 8+1
Discharged HL-S03CD2-B 18+5
control water HL-S03CD2-M 20+ 4 - -
(Day2,C2) [\ _so3cp2-E 17+5
HL-S03TD2-B-1 N.D ®
HL-S03TD2-B-2 N.D
HL-S03TD2-B-3 N.D
- -M- N.D A
Discharged HLSESpe7-M-1 Effluent condition:
treated water | HL-S03TD2-M-2 N.D Acceptable 100.09
(Day 2, T2) HL-S03TD2-M-3 N (<100 CFU/ 100 mL)
HL-S03TD2-E-1 N.D
HL-S03TD2-E-2 N.D
HL-S03TD2-E-3 N.D

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T2)/Uw*100, ) N.D : Not Detected

Data were presented as mean+S.D of three repeated measurement.
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6) Vibrio cholera O1, 0139

Table 10. The survival number of Vibrio cholera O1, O139

Elimination
Test substance Sample ID CFU/100mL Acceptability efficacy
(%)
HL-S03UW-B? N.D
Uptake water } b i i
(Day 0, Uw) HL-S03UW-M N.D
HL-SO3UW-E? N.D
Discharged HL-S03CD2-B N.D
control water HL-S03CD2-M N.D - -
(Day2,C2) |\ _so3cD2-E N. D
HL-S03TD2-B-1 N.D
HL-S03TD2-B-2 N.D
HL-S03TD2-B-3 N.D
Discharged HL-SOSqbe--1 NS Effluent condition:
treated water | HL-S03TD2-M-2 N.D Acceptable N.D?
(Day 2, T2) HL-S03TD2-M-3 N.D (<1 CFU/ 100 mL)
HL-S03TD2-E-1 N.D
HL-S03TD2-E-2 N.D
HL-S03TD2-E-3 N.D

a) B: Beginning, b) M: Middle c¢) E: End, d) N.D: Not detected
Data were presented as meantS.D of three repeated measurement.
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2. Validity

2.1 Water parameters measurement

* All measurements were tested more than three times.
» Water parameters were analyzed as soon as possible after sampling.

2.2 Biological efficacy test

+ Valid tests are indicated by uptake water, for both the control tank and ballast water to be
treated, with viable organism concentration exceeding 10 times the maximum permitted

values in Regulation D-2.1

SErmplE L (indizv?gul;?;/m% (i%]%il\l/rir;h;:g/lrlnnll)
HL-S03UW-B 3,733 + 451 191 + 11
HL-S03UW-M 2767 + 115 201 + 27
HL-S03UW-E 4,233 + 231 181 + 17

« Valid test is indicated by control tank viable organism concentration exceeding the values

of Regulation D-2.1 on discharge.

salpe e (indi?é)ul;z/m% (i:\%m;:g/lrlnnll_)
HL-S03CD2-B 1,242 + 63 62+ 6
HL-S03CD2-M 1,375 + 150 61+ 10
HL-S03CD2-E 2133 + 481 73+ 6

* Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension
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 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time
HL-SO3UW-B May, 28"  17:50 19:30
Day 0 HL-S03UW-M May, 28"  19:45 20:30
HL-SO3UW-E May, 28"  20:50 21:25
HL-S03CD2-B May, 30"  14:41 15:30
HL-S03CD2-M May, 30"  15:50 16:40
HL-S03CD2-E May, 30" 16:40 17:10
P2 HL-S03TD2-B-1, 2, 3 May, 30" 17:10 18:00
HL-S03TD2-M-1, 2, 3 May, 30" 18:00 18:50
HL-S03TD2-E-1, 2, 3 May, 30" 18:50 20:00
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3. Conclusion
3.1 Biological efficacy in treated ballast seawater by EcoGuardian™ BWMS
* Treated ballast seawater by EcoGuardian™™ system was capable of eliminating organism
larger than 50 um with an efficiency of 99.9%.
 Treated ballast seawater water by EcoGuardian'™ BWMS was capable of eliminating
organism between 10 and 50 um with an efficiency of 99.9 %.
» Treated ballast seawater by EcoGuardian™ system was capable of eliminating
heterotrophic bacteria with an efficiency of 39.4%.
» Treated ballast seawater by EcoGuardian™ system was capable of eliminating
Escherichia coli with an efficiency of 100 %.
* Treated ballast seawater by EcoGuardian'™ system was capable of eliminating intestinal

enterococci with an efficiency of 100 %.
« Vibrio cholera O1, O139 were not detected.
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4. Appendix

Appendix 1. Water parameters at field
1) Uptake water

pate | sample D | R? | pH | (0 | ooy umty (Tn?g(/::); ?n%i; Jn?/f)
sosuyy. | RL| 828 | 1947|3333 | 445 | 58 | 4125 | 2253 100

5 R2 | 830 | 1949 | 3331 | 443 | 42 | 4235 2145 48

R3 | 830 | 1031 | 3310 | 422 | 46 | 4111 | 2114 | 80

RL | 830 | 1876 | 3281 | 389 | 57 | 4534 | 2420 6.4

Dayo | AL-SWSUW- | po | 830 | 1876 | 3282 | 380 | 57 | 4544 1877 | 7.2
R3 | 832 | 1017 | 3340 | 390 | 57 | 4912 2298 | 88

RL | 833 | 1069 | 3331 | 595 | 36 | 4772 | 2420 | 276

ALSSUW 1 Ra | 834 | 1077 | 3341 | 484 | 38 4871 2614 | 100

R3 | 834 | 1981 | 3324 | 568 | 42 | 4912 | 2423 | 44

a) R: Replicate

b) TOC: Total Organic Carbon (TOC=DOC+PQOC)
c) DOC: Dissolved Organic Carbon

d) TSS: Total Suspended Solids
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2) Discharged control water and discharged treated water

Date | SamplelD |R®| pH | Temp () S(";‘D';”J)y DO (mg/L) Tt(mg')ty
RL | 820 19.21 33.39 5.6 3.2

HL-S03CD2-B | R2 | 8.20 19.40 33.35 5.0 36
R3 | 822 18.95 33.37 5.58 3.0

RL| 825 19.97 33.42 455 6.7

HL-S03CD2-M | R2 | 8.26 19.87 33.45 461 8.7
R3 | 827 19.87 33.44 457 4.0

RL| 829 20.60 33.29 6.08 33

HL-S03CD2-E | R2 | 8.29 20.54 33.43 5.97 3.0
R3 | 828 20.53 33.39 5.89 3.4

RL | 834 18.14 33.47 5.81 26

HL-SO3TD2-B-1| R2 | 837 18.06 33.39 553 24
R3 | 836 18.02 33.39 6.17 22

RL | 834 18.19 33.51 5.79 21

HL-S03TD2-B-2 | R2 | 834 18.16 33.30 5.34 21
R3 | 834 18.06 33.40 5.71 19

RL | 829 18.23 33.44 4.95 21

HL-S03TD2-B3 | R2 | 828 18.18 33.44 5.0 23
e R3 | 830 1817 33.39 4.97 26
RL| 827 18.35 33.51 455 23
HL-S03TD2-M-1] R2 | 8.26 18.27 33.39 4.70 33
R3 | 826 18.25 33.38 452 22

RL| 828 18.41 33.52 4.40 21
HL-S03TD2-M-2| R2 | 827 18.37 33.41 437 23
R3 | 826 18.33 33.41 438 17

RL | 827 18.58 33.44 418 37
HL-S03TD2-M-3| R2 | 8.26 18.45 33.39 4.15 36
R3 | 825 18.42 33.39 4.28 33

RL | 826 18.59 33.46 4.10 3.2

HL-S03TD2-E-1| R2 | 825 18.52 33.31 4.20 33
R3 | 826 18.45 33.39 4.05 33

RL| 827 18.59 33.54 4.06 25

HL-S03TD2-E-2 | R2 | 827 18.48 33.37 4.10 26
R3 | 827 18.40 33.41 411 27

RL| 828 18.50 33.43 4.10 115

HL-SO3TD2-E-3 | R2 | 827 18.40 33.35 4.10 118
R3 | 826 18.38 33.34 412 116
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Appendix 2. The survival number of > 50#m organism in uptake water(Influent water)

e 3
APl | Classification | S0 R19 R2 R3 ndividuais/m
Mean S.D”
Acartia sp. 13 9 13 1,167 231
Paracalanus parvuss. |. 8 7 10 833 153
Evadne tergestina 0 4 5 300 265
SO;UIVV—B Podon sp. 10 mL 5 3 5 433 115
Corycaeus sp. 1 0 3 133 153
Oithona sp. 5 4 3 400 100
Cirriped larvae 5 6 3 467 153
Acartia sp. 4 3 5 400 100
Paracalanus parvuss. |. 3 4 4 367 58
Evadne tergestina 1 0 0 83 58
Podon sp. 3 2 2 233 58
HL- Oithona sp. 4 3 3 333 58
SO3UW-M | Hemicyclops sp. Al 0 1 1 67 58
Pseudodiaptomus marinus 0 1 0 33 58
Nauplius 1 1 2 133 58
Cirriped larvae 12 7 7 867 289
Polychaeta larvae 1 5 3 300 200
Acartia sp. 13 15 17 1,500 200
Paracalanus parvuss. |. 7 11 7 833 231
Podon sp. 6 7 3 533 208
Corycaeus sp. 0 0 1 33 58
sosUveg | Oithonasp. omL | 3 2 2 233 58
Hemicyclops sp. 2 0 1 100 100
Nauplius 3 1 1 167 115
Cirriped larvae 4 5 7 533 153
Polychaeta larvae 3 4 2 300 100

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 3. The survival number of > 504n organism in discharged control water

. 3
Saﬂ‘jp'e Classification ?/%‘:Sr‘:gg R1® R2 R3 individuats/m .
Mean s.D"
Acartia erythraea 5 0 0 42 83
Acartia sp. 0 16 19 292 255
Paracalanus parvuss. |. 12 11 12 292 14
Podon polyphemoides 3 0 0 25 43
Corycaeus sp. 3 0 2 42 38
HL- Oithona similis 10mL 7 0 0 58 101
S03CD2-B Oithona sp. 0 3 4 58 52
Totanus forcipatus 3 0 0 25 43
Harpacticoida sp. 0 3 0 25 43
Nauplius 8 2 2 100 87
Cirriped larvae 5 7 5 142 29
Polychaeta larvae 6 8 3 142 63
Acartia sp. 10 11 9 250 25
Paracalanus parvuss. |. 4 10 3 142 95
Podon polyphemoides 3 1 1 42 29
Corycaeus sp. 4 1 3 67 38
Oithona sp. 7 7 3 142 58
sosg[L;z . H:guuggdfm SLE 10 mL 2 2 4 67 29
e E 0 1 0 8 14
Sagitta crassa 1 0 0 8 14
Nauplius 1 1 0 17 14
Cirriped larvae 20 24 23 558 52
Polychaeta larvae 3 3 3 /5 0
Acartia sp. 12 15 6 275 115
Paracalanus parvuss. |. 11 i 4 183 88
Podon polyphemoides 3 3 6 100 43
Corycaeus sp. 1 4 2 58 38
HL- Oithona sp. 6 1 2 75 66
10 mL
S03CD2-E | Hemicyclops sp. 0 4 2 50 50
Centropages sp. 1 0 3 33 38
Nauplius 0 2 2 33 29
Cirriped larvae 49 45 55 1,242 126
Polychaeta larvae 4 3 3 83 14

a) R: Replicate

b) S.D: Standard deviation Some species were rare, the standard deviation was high.
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Appendix 4. The survival number of > 50um organism in discharged treated ballast
seawater by treatment of EcoGuardian"™ system

Sa:gp'e Classification ?;TS:? individuals/m?®
HL-S03TD2-B-1 Cirriped larvae 3
HL-S03TD2-B-2 - 250 mL -
HL-S03TD2-B-3 - -
HL-S03TD2-M-1 - -
HL-S03TD2-M-2 - 250 mL -
HL-S03TD2-M-3 - -
HL-S03TD2-E-1 - -
HL-S03TD2-E-2 - 250 mL -

HL-S03TD2-E-3

a) R: Replicate
b) S.D: Standard deviation
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Appendix 5. The survival number of 10#m - 50#m organism in uptake water(Influent

water)
Sa:r[])ple Classification Cv%lIJSrtrlgg R1”» R2 RS3 I\lllneogl;:]ndualslsr.nDLb)
Ceratium sp. 2 0 5 5
Chaetoceros sp. 2 2 2
Alexandrium sp. 20 25 18 42 7
Akashiwo sp. 10 12 18 27 8
HL'S_?;UW Skeletonema sp. 0.5mL 3 6
Gymnodinium sp. 3 1
Thalassiosira sp. 4 3
Prorocentrum sp. 62 53 40 103 22
Oxyrrhis sp. 0 2
Thalassiosira sp. 4 5
Ceratium sp. 2

HL"f’ﬁ/fUW Alexandrium sp. 0.5mL 10 20 26 12
Akashiwo sp. 13 11 16 27 5
Prorocentrum sp. 84 70 60 143 24

Ceratium sp. il 3

Alexandrium sp. 4 12

Thalassiosira sp. 5 4
HL-S03UW Akashiwo sp. 6 15 20 27 14

i 0.5mL

-E Gymnodinium sp. 1 1
Skeletonema sp. 4 6
Oxyrrhis sp. 0 1
Prorocentrum sp. 60 70 60 127 12

a) R: Replicate

b) S.D: Standard deviation

Some species were rare, the standard deviation was high.
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Appendix 6. The survival number of 104m - 504m organism in discharged control water

Sample
ID

Classification

Counting
volume

R1%

R2

R3

individuals/mL

Mean

S.D?

HL-
S03CD2-B

Prorocentrum sp.
Leptocylindrus sp.
Alexandrium sp.
Chaetoceros sp.
Thalassiosira sp.
Skeletonema sp.
Eucampia sp.
Ceratium sp.
Oxyphysis sp.

=
(6]

0.5mL

N
N

N
(o]

I
\O)

[EEN
[EEN

HL-
S03CD2-M

Alexandrium sp.
Leptocylindrus sp.
Eucampia sp.
Gyrodinium sp.
Prorocentrum sp.
Ceratium sp.
Thalassiosira sp.
Gymnodinium sp.
Skeletonema sp.

Protoperidinium sp.

P PN OO O O N W d P W

0.5mL

SO O NN NP P P O W O O w

O OPFr A O O O N O O P, O

P B, W Ok, PR, W N W R N

w
(8}

R Wk, W O

HL-
S03CD2-E

Prorocentrum sp.
Alexandrium sp.
Ceratium sp.
Akashiwo sp.

Protoperidinium sp.

Leptocylindrus sp.
Thalassiosira sp.
Gymnodinium sp.

0.5mL

41

R OO W~k &

P N WL, N DO, OO R, WO o PR, DN R P NDNDN O, ®W

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 7. The survival number of 10um - 504m organism in discharged treated ballast
seawater by treatment of EcoGuardian"™ system

e i i individuals/mL
Sa:rg)ple Classification Concentrracl)nc COllmtmg R1® R2 R3
nfacto volume Mean S.D”
Akashiwo sp. 1 0 1 0.1 0.1
HL-
S03TD2- | Ceratium sp. 1 0 0 0.0 0.1
B-1
Proroscgntrum 0 1 2 01 01
Thalassiosira
HL- sp. 1 0 0 0.0 0.1
S03TD2- |  Akashiwo sp. X 20 0.5 mL 0 1 0 0.0 0.1
B-2 Ceratium sp. 0 0 1 0.0 0.1
Alexandrium sp. 1 0 1 0.1 0.1
HL- _
S03TD2- Tha'ass;'os'ra 0 1 0 0.0 0.1
B-3 '
Proro:pentrum 0 0 1 00 01
Thalassiosira
HL- sp. 1 0 2 0.1 0.1
S03TD2- |  Akashiwo sp. 0 2 1 0.1 0.1
M-1 f
Alexandrium sp. 0 1 1 0.1 0.1
" Proro:gntrum 3 0 1 01 02
S03TD2- | Akashiwosp. | =20 | 05mL | 1 0 0.0 0.1
M-2 -
Thalasssloswa 0 1 1 01 01
HL- Proro;:entrum 1 1 1 01 00
S03TD2- Thalaszliosira
M-3 5p 0 0 1 0.0 0.1
HL- Ceratium sp. 1 0 0 0.0 0.1
S03TD2-
- Proroggntrum 5 5 1 02 01
HL- Prorocentrum
S03TD2- sp. X 20 0.5 mL 1 0 0 0.0 0.1
E-2 Akashiwo sp. 0 0 1 0.0 0.1
HL-
S03TD2- - 0 0 0 0.0 0.0
E-3

a) R: Replicate
b) S.D: Standard deviation
c) Concentration factor: Treated water was concentration 10 L to 500 mL by 5 um net.
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Appendix 8. The number of heterotrophic bacteria in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date | Sample ID ng‘cjtt(')‘)r“ R1? R2 R3 crumE ,
Mean S.D
HL-S03UW-B 2 1 2 83 29
Day 0 | HL-SO3UW-M | x50 2 2 0 67 58
HL-S03UW-E 1 0 1 33 29
HL-S03CD2-B 5 8 9 73 21
HL-S03CD2-M | x 10 7 6 6 63 6
HL-S03CD2-E 8 7 11 87 21
HL-S03TD2-B-1| x 10 7 5 9 70 20
HL-S03TD2-B2 | x 10 4 5 3 40 10
HL-S03TD2-B-3| x 10 2 0 2 13 12

Day 2

HL-SO3TD2-M-1|  x 10 5 6 6 57 6
HL-S03TD2-M-2|  x 10 6 3 3 40 17
HL-S03TD2-M-3|  x 10 1 3 2 20 10
HL-S03TD2-E-1 | x50 0 1 1 33 29
HL-S03TD2-E-2 | x50 1 1 1 50 0
HL-S03TD2-E-3 |  x 10 0 1 2 10 10

a) R: Replicate
b) S.D: Standard deviation
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Appendix 9. The number of Escherichia coli in uptake water, discharged control water
and discharged treated water by treatment of EcoGuardian'™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CRUM00mE ,
Mean S.D
HL-S03UW-B 43 53 61 52 9
Day0 | HL-SO3UW-M | 100mL | 67 72 64 68 4
HL-S03UW-E 0 27 43 33 9
HL-S03CD2-B 18 11 19 16 4
HL-S03CD2-M | 100mL | 20 9 17 15 6
HL-S03CD2-E 12 13 17 14 3
HL-S03TD2-B-1 0 0 0 0 0
HL-S03TD2-B-2 0 0 0 0 0
HL-503TD2-B-3 0 0 0 0 0

Day 2

HL-S03TD2-M-1 0 0 0 0 0
HL-S03TD2-M-2| 100mL | O 0 0 0 0
HL-S03TD2-M-3 0 0 0 0 0
HL-S03TD2-E-1 0 0 0 0 0
HL-S03TD2-E-2 0 0 0 0 0
HL-S03TD2-E-3 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Appendix 10. The number of intestinal enterococci in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CRUM00mE ,
Mean S.D
HL-S03UW-B 40 37 40 39 2
Day0 | HL-SO3UW-M | 100mL | 42 35 | 33 37 5
HL-S03UW-E 9 7 9 8 1
HL-S03CD2-B 14 18 23 18 5
HL-S03CD2-M | 100mL | 22 23 15 20 4
HL-S03CD2-E 21 12 19 17 5
HL-S03TD2-B-1 0 0 0 0 0
HL-S03TD2-B-2 0 0 0 0 0
HL-503TD2-B-3 0 0 0 0 0

Day 2

HL-S03TD2-M-1 0 0 0 0 0
HL-S03TD2-M-2| 100mL | O 0 0 0 0
HL-S03TD2-M-3 0 0 0 0 0
HL-S03TD2-E-1 0 0 0 0 0
HL-S03TD2-E-2 0 0 0 0 0
HL-S03TD2-E-3 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Appendix 11. The number of Vibrio cholera O1, O139 in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CRUM00mE ;
Mean S.D
HL-S03UW-B 0 0 0 0 .
Day0 | HL-SO3UW-M | 100mL | O 0 0 0 -
HL-S03UW-E 0 0 0 0 .
HL-S03CD2-B 0 0 0 0 .
HL-S03CD2-M | 100mL | 0 0 0 0 -
HL-S03CD2-E 0 0 0 0 -
HL-S03TD2-B-1 0 0 0 0 .
HL-S03TD2-B-2 0 0 0 0 .
HL-503TD2-B-3 0 0 0 0 -

Day 2

HL-S03TD2-M-1 0 0 0 0 -
HL-S03TD2-M-2| 100mL | O 0 0 0 .
HL-S03TD2-M-3 0 0 0 0 .
HL-S03TD2-E-1 0 0 0 0 -
HL-S03TD2-E-2 0 0 0 0 -
HL-S03TD2-E-3 0 0 0 0 ;

a) R: Replicate
b) S.D: Standard deviation
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Appendix 12. The microscopic image of > 504m in uptake water (Day0)

Uptake water (Day 0)

Acartia sp.* Paracalanus parvus s. I.* Evadne sp.*

Podon sp.* Corycaeus sp.* Oithona sp.*

Hemicyclops sp.* Pseudodiaptomus marinus* Nauplius*

Cirriped larvae* Polychaeta larvae*

* Magnification : 20
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Appendix 13. The microscopic image of >504m in discharged control water (Day2)

Discharged control water (Day 2)

Acartia sp.* Acartia erythraea* Paracalanus parvus s. |.*

Podon polyphemoides™ Corycaeus sp.* Oithona sp.*

Hemicyclops sp.* Pseudodiaptomus marinus* Tortanus forcipatus*

Centropages sp.*

* Maghnification : 20
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Appendix 14. The microscopic image of > 504m in discharged treated water by treatment
of EcoGuardian™ BWMS (Day?2)

Specific Name Discharged treated water

Cirriped larvae*

* Magnification : 40
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Appendix 15. The microscopic image of 10um—504m in uptake water (Day0)

Specific Name

Uptake water

Optical

Fluorescence

Prorocentrum sp.

Ceratium sp.

Chaetoceros sp.

i€

100 pm

Alexandrium sp.
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Skeletonema sp.

Thalassiosira sp.

Gymnodinium sp.

Magnification : 200
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Appendix 16. The microscopic image of 10um—504m in discharged control water (Day2)

Specific Name

Discharged control water

Optical

Fluorescence

Gyrodinium sp.

=

100 pm

Alexandrium sp.

100 um

Leptocylindrus sp.

FoR

I 4>
4
S 4

100 um

Prorocentrum sp.
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Chaetoceros sp.

100 um

Protoperidinium

sp.
2
o - A
Eucampia sp. A 2
Ceratium sp.
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Gymnodinium -~
sp. -
Oxyphysis sp.

Skeletonema sp.

Akashiwo sp.

100 ym
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Talassiosira sp.

100 ym

Magnification : 200
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Appendix 17. The microscopic image of 10#m—504m in discharged treated water by
treatment of EcoGuardian™ BWMS (Day?2)

Specific Name

Discharged treated water

Optical Fluorescence
Prorocentrum =
sp.
Ceratium sp.

Thalassiosira sp

Magnification : 200
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Appendix 18. The image of heterotrophic bacteria

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 2)

Beginning Middle End

Discharged treated water (Day 2)

Beginning Middle End

_)r_.“":__-. -
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Appendix 19. The image of Escherichia coli

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 2)

Beginning Middle End

Discharged treated water (Day 2)

Beginning Middle End
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Test Report SET-14-002

Appendix 20. The image of intestinal enterococci

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 2)

Beginning Middle End

Discharged treated water (Day 2)

Beginning Middle End

Page 39



Test Report SET-14-002

Appendix 21. The image of Vibrio cholera O1, 0139

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 2)

Beginning Middle End

Discharged treated water (Day 2)

Beginning Middle End
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Test Report SET-14-002

5. Attachment

5.1 Sampling check & custody Sheet

5.2 Freezing keeping sheet

5.3 Water parameter measurement sheet (1)

5.4 TOC measurement sheet

5.5 TSS(Total suspended solid) measurement sheet
5.6 Microbiology Test Sheet

5.7 Test Result sheet with Microbiology

5.8 Vibrio cholera O1, 0139

5.9 Test Result Sheet — Classification (I1)
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Sampling check & custody Sheet

20(4

Study number

—

Test number

SET - d ~cox-

Sampling time

\B/Day 0

o Day 1

0 Day 2

o Day 3

a Day 4

oDay5 oDay( )

Sample location

E/UptakewaterDDischaIgeconuolwaterDDischalgenmtedwaterDOﬁlex( )

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :

Parameter Sample Sampling time
Con.” Bottle Vol. (L) | P.” Beginning | Middle End
TSS ] HDPE | - o1 | F % WY | 4ivd
DOC, POC HDPE e Al igo (VI I2E | g0 ok
Bacteria (4 item)” HDPE > 02
Organism (10~50 pm) HDPE \ o3
Organism (=50 pm) |l o.5L{ HDPE oy
Sample location O Treated water 0 Treated water (Neutralized)
Sample Sampling time
P t
R - - Con.” | Bottle | Vol (L) | P’ | Beginning| Middle | FEnd
Bacteria (4 item) © HDPE ol |
Organism (10~50 pm) HDPE 02 o
Organism (250 pm) |~ HDPE D3 /
Concentration
Parameter Vol. of concentrated before Equipment Mesh size
Organism (=50 pum) \w o (L) net 32 pm
Organism (10-50 pm) = L) net 5 pm
Sample storage information
Parameter Location & condition Storage time
TSS ] May 2t sotev
— Freezer(-20C) . & 5
DOC, POC ~ MO\\-( 3 \ 0\ o0
Bacteria (4 item) Refrigerator(4 C)
Remarks

* First, fill a 20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pm), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity
* Separately, organism(>50 pm, 10-50 pm) sample was concentrated with net.
* Storage time of “bacteria sample” is for “heterotrophic bacteria test”
*TSS and DOC and POC samples are acidified(pH<2) with HCI (in 4 mL HCI of 2 L sample)

Working date

May  >F h

Personnel

Sun ok Lee. @i

Confirmation date

\/\U‘ﬂ . J/&H\

Confirmed by

Sun ok Lee y(f/grj)[

a) Concentration b) Period

¢) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Worksheet-Field-001-2(3)



Sampling check & custody Sheet

_ ber | oET—(U— oo
it o Day 1 yDay2 |:1Day3 |:|Day4 oDay5 aoDay( )
t DUptakewater}zﬁ)lschmgeommolwater)(ﬁlschargeuwedwatemO&ﬂ(

DOC,POC || HDPE
Bacteria (4 item) " | / HDPE > 02
Organism (10~50 p,m) / HDPE / o3

Organism (250 pm)  feoo/ -7 =1l HDPE °, 25
\d Treated water a Treated water (Neutralized)

Bacteria (4 item) / o
Organism (10~50 pm) |/o/—7 ©,5| HDPE
oool 70, 51|

Organism (=50 pm)

Organism (50 pm)

Organism (10-50 pm)

TSS .

— Freezer(-20C) B
DOC, POC _—
Bacteria (4 item) Refrigerator(4 C) '

Remarks

* First, fill a 1~20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pm), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity

* Separately, organism(=50 um, 10 ~ 50 pm) sample was concentrated with net.

* Storage time of “bacteria sample” is for “heterotrophic bacteria test”

* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 6 mL HCI of 2 L sample)

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :

QMV) ol( L% /(5'1‘349/ .
G ol LR W"/

a) Cocentratin b) Period
c) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Busan Techno—-Park .
P Worksheet-Field-001-2(3
. Marine Bio-industry Development Center @



Freezing keeping sheet

(Of sample for measurement of water parameter)

20t

Sample Test water Sampling time Day 0
Storage place Freezing room Storage Condition -20 C
Study number ,,.f"”/ Test number S'C-T_— (L(, - U i
No. Sample ID Labeling Storage Date & time Personnel
1 | HL-so3yw—3 A/B/IC)| ¢ o2& [/ 18200
2 | yL—SoWW—H  [A/BA | sF / seree
3 | H—sosyw-&  |A/BAOD| S0P 1 2300 | e feiee
4 A/B/C )| -0/ /@
5 aA/BICY o
6 | A/B/ ) /
7 A/B/) / /
8 A/B/C) / ]
9 A/B/C) L
10 ClasBi| Gien)
11 A/BI )L /
12 A/BA) /
13 KB/ ) /
14 " |a/BrO) /
15 L A/B/ ) /
16 - A/B/ ) / (sign)
17 | A/B/C) /
18 A/B/ ) /
Remarks
. Q) deleked Qun » k& Lee 05038 pt—
Confirming date o Confirmed by Sun ok Lee A@()_

Busan Techno - Pork

/ LA Moring Bio-industry Development Center

Worksheet-Field-009(2)



20 'l:!f

Water parameter measurement sheet (1)

/

Busan Techno—Park

/ k.. Marine Bio-industry Development Center

Study Number HAN-Ship( ) Test number SET-14 =00 2
Sampling time \u/bayO oDayl oDay2 oDay3 oDay4 oDay5 oDay( )
Equipment | Y() (0] 2 O- pH, temp., salinity, DO/ {4 | || 2 Furbidity
Sample Replicate pH Temp (°C) | Salinity (%) | DO (mg/L) “(‘;I'}i{';;y
\ Test water RI %29 a | 2 33 | foes | £,.7
Control water » , :
ETreamdwata' R2 §.50 {7'L'u7 35 %1 .43 b, 2
CNeutrlized water R3 8,30 93 | 3500 | 422 | «
\oB( )oM( )oE( ) | Mesrigtime | |7 L6
\of Test water R1 2 30 '3 b %23 5,27 5.1
Control 2
il R_|gw | Bl | »232]%5q |5,
Neutalized vater R3 2 (32 7.4 | ».u0 | 290 | 547
0B )WM( )oE( ) | Measringtine | 13 . 53
Tokoes Rl 3133 (7,47 73,2/ 5.9+ | %4
water —
HE i v (%39 79, 7(35,47 | 77| 3, 2
| oNewrlzedvater, [ R3 3 24 /7 .%) B2 | 56T | &, 2
oB( )oM( )SK( ) | Mesigime | (9 ¢ 5/
O Test water R1
0 Control water R2
0 Treated water
DNamallzedwatet‘ R3
oB( )oM( )DE( ) | Memsuingime
O Test water R1
0 Control water RO
0 Treated water
_DN_e.malizedwate.r ) R3
oB( )oM( )oE( ) | Meauingtime
O 'Test water R1
o Control water R2
0 Treated water
DNanmlizad_water R3
oB( )oM( )oE( ) | Meauingtime
Remarks
Working Date May) « 293 h Study Personnel lee T Sy W‘?
Confirming Date [\40\\// 29 h Confirmed by lees T1 Svi) /@@1
7 s

Worksheet-analysis-001-3(3)




201}

Water parameter measurement sheet (1)

Study Number HAN-Ship () Test number SET-14 —00 9
Sampling time \G(DayO 0Dayl o0Day2 o0Day3 oDay4 owoDay5 oDay( )
Equipment | Y$| (20 - pH, temp., salinity, DO/ Y} k92 O Turbidity
Sample Replicate pH Temp (°C) | Salinity (%) | DO (mg/L) “&',’rigi)ty

O Test water R1 3. 20 [9, = 33 39 63@ 3%
DVTCO‘W‘“"IWW;? R2 2w | 19.4% 3335 | & 2 | 3C
o Netalized water R3 §-4L | (595 | 33.%h 5. 58| 3.5
MBO)oMO)OE ) | Massigine | 0Dty / o> 40

Test water R 8. < [9. %9 | B2 | H54 6 1
mmﬁ: R2 B.2L{ (D, 49 23 .45 <. (| g.7
o' Neutralized water R3 8. 27 [0, 3 37 ¢4 4, 51 4. a
B WA JoB( ) | Mesmigime | 6 (- 4L 0 D[ 0 £
1 Jest water R1 y . > . 2
e 3.9 20 € 33 ).‘9 € o 3
o Treated water R2 g 29 2v. 59 | 33 &3 5.9 3 .
oNeutralized water R3 3 2% 20 57 | 33 42 5.9% 3.4
oBO)oMOME( ) | Mestigime 2 43 / 02 4]
O Test water R1 g.34 Y. 4 33, @) 5 3 5.4
ti’l‘lmtesﬁ R2 67/] [Z“b‘[ )577 é;'(fz 2 p!
O Neutralized weter R3 2 .3/( (g .02 72 59 €. (n 5 2
wB( )oM( )oE( ) | Mesuigime | 03 40/ O3 47
O Test water R1 8§39 3. (9 33. 5y 5.N3 ./
Control :
0 Neutralized water R3 RI3Y | |30 23 4o | 5 9 9
¥B())oM( )OE( ) | Mesrigtme | 095 / ©33 |
O Testwater R1 3 .29 %.23 |27, %Y 4 .94 2.,
Control =
Eiﬁmtedeng . 3-2% Ig. 13 3} .44 4}_09 2.
ONeutralized weter MERE 3.1 |37 | 4.91 2.4
MB(RoM( )oE( ) | Mesigime |04 " O & / e - Of

Remarks

Working Date fi/\\;\\} 394 Study Personnel | 7oia o S0 %

Confirming Date My 3«"\* Confirmed by \/Qp/ i Suh /@ﬁ'

Busan Techno—Park

Marine Bio-industry Development Center

A

Worksheet-analysis-001-3(3)



Water parameter measurement sheet (I)

, Busan Techno-—-Park

/AL, Marine Bio-indushy Development Cener

20 JL:E'
Study Number HAN-Ship( ) Test number SET-14 - 0oL
Sampling time oDay0 oDayl oDay2 woDay3 0Day4 oDay5 oDay( )
Equipment Tsl (7? 1p - PH, temp., salinity, DO/ Vs { j3o - Turbidity
Sample Replicate pH Temp (°C) Salinity (%o) DO (mg/L) T}'I;l,;fg')ty
01 Test water R1 .2 [3.56 3. %y 4.6¢ 2.3
| - ‘
Eﬂc‘fm‘;ww;f“i R2 246 | B.1g | 2537 | 4,15 3. 2
ONeurizedvater | R3 B. 24 1>6 | 73.33% 4 52 2.2
o0B( )YM())oE( ) | Mesrigime | D47 [Y /04 ' (&
0 Test water R1 329 I3-41 |33.6) 9. % 2
E’?ﬁﬂﬁ i 3. 21 13.3n | 35 4| T. 319 2.3
iNlined vt RS | 3.2/ 1.33 [ 33. 4 | 423 [ 2.9
0B( )¥MR)oE( ) | Mestigie | o2y 23/ 041 2y
O Test water V2
oltvater Ri| 820 | 363 | DY | 49 |3, L
M Treated water R2 3 26 12, 4«5 ?3. 3] 4.15 2.4
alumisipes | 58 3 .28 3. 4% | 38.39 4 .03 Py
0B( )YM(PoE( ) | Masiigime (o4 22 /o4 34
o Testwater RI 225 (.20 37.44 | ¢ [0 /. "
ke R2 [4-26 g k2|25 3] | 4.2 |2/
ONeumlizedwater | R3 |3 24 19.45 | V.39 4. o6 | [.n
0B( )oM( )oE(|) | Mesiigime | 04 2 4| /o 4. 4L
O Test water R1 2 .31 H).L;? 8?~§V/ 4 o4 2.3
ot R2 | 9.5 | JR. 4% | 3231 | 4. /6 |=2.»
ONeutralized water R3 3 21 8. 38 4y 4, 1y /3
OB )oM( )¥BG) | Mestinglie 54 G /o 40 &
O Test water R1 3.0% (3 &> ?3 43 4.0 [3.3
e R [3.27 | 3.4 3295 | 440 | /o
‘oNeutized vter R3[| R.24 [ 13.3% |35 3y | 4.2 |6.7
oB( )oM( )%(/» Measuingtime | O 4 /59 / O &8s
Remarks .
Working Date My 31y Study Personnel TJ};,,(} n Lon3 fbign)
Confirming Date /(& Wy 3 -fb Confirmed by LQO/ av <N (Mﬁ
7

Worksheet-analysis-001-3(3)

[



TOC measurement sheet

SET - 14 —00 2
High TetpeV  condtTon Ve ToC  cobe
Day 0
Moy 20 N 00 M{/\\[ }0 2200
S e TOC (mg/L) DPOC@mg/L) | POC(m ' Remarks
_‘Sample'ID&jlﬁE-_;,"._"' §lis g R e et ey oo s T B
| 2 Y%

HL-S020w - B v 2109 XY

Aver.: 4157 Aver.: 2|0 |

F.53¢ 2. 20
~ Y 59 \-677 2 b
Aver.: gy Lb3 Aver.: - )99
4. 00> 2 20
37/ 2.b6l¢

HL-SD3UwW~E e e 2.2k,

Aver.: ¢ 25 2 Aver.: 2-¥3l

Aver. : Aver. :

Aver. : Aver. :

Aver. : Aver. :

| * POC =TOC - DOC
| Lee o7 'Sm%
: (sign)
e o7 «@M&n

Busan Techno—-Park
76 Marine Bio-industry Development Center

Worksheet-ANL-005(2)



TSS(Total suspended solid) measurement sheet

20 /4 548
Study number HAN ~ SHP (1) Test number SET- 1Y —002
Test period 29 — £.29 Equipments Dry oven, Balance, Desiccator
l;e;qmntineof 23 : /0 Sample pretreatment time 22 00O
Sample ID RY Sample Volume | Filter paper | @ + SS Weight SS Weight Result Average
(Lot No.) (mL) Weight - @ (g) (® ® (mg/L) (mg/L)
Ri] 250 26, 16le 26 635 0,025 lo,0
SO —B rR2| 2w 2.6 299 2{ 3003 0 ,00]2 43 n,b
R3| 2 4V 2C. 2504 15“3526 o 0020 3.0
Rl &Lo ¢ .5338 h¢ . 535¢ o, 00lbL 6.4
go0w~M  |R2| 2 pe 26,0562 |24 ©5g0 0.0013 n,2 N,
R3| 2 ¥yo 24, 3122 24. 3( 44 0.0022 3,2
RI| A&V 2. 4Pe 26,498 0 .00 bQ 2Mb
SDJUU""C\ R2 Lo 2415094 16 . 3(0f 0., 002% 0.0 ]q__ ®)
R3| 2o 2l 4l 24 4120 o.00!! 4 4
R1
R2
R3
R1
R2
R3
R1
R2
R3
Remarks
Worling Date May . 29 SudyE oo Lee 01 Sun &4@@
Certificate Date M/\\/ 29 Study Director lee GY Sun &%
Y Replicate -

o Worksheet-analysis-004(3)



Microbiology Test Sheet

_ZL(_L&
Study number H hL — | «'( ( \ ) Test number SET —| ¢ —co2
Sampling Time M¥Day0 o Day 1 oDay2 oDay3 oDay4 o Day 5 o Other( )
Test substance %z(Uptake water/ D‘ﬁschalge control water DDlschaxgetmtedwater o Other( )
Dilution water/Lot No. Autoclaved Distilled water/ADW-131122
Test facility condition Start : Team. 2 "]C , Humidity «4(% % P.H. /End : Team. o QC Humldlty Lp" % P.H.

i T
L1 Test condition

o Marine agar 0 Marine agar O Marine agar 0 Marine agar
tyAerobic Countter Plate | o Aerobic CounterPlate | 0 Aerobic CounterPlate | o Aerobic Counter Plate
Medium name ]
omTEC o mEI MATEC 0 mEl omTEC {ymEI omTEC 0 mEl
o TCBS o TCBS o TCBS irTCBS
Manufacturing date = ol &, 4 >ollt 6719 Soll6 9
a0 Membrane filter \ef Membrane filter ' Membrane filter L4 Membrane filter
Test method o Spread method o Spread method o Spread method 0 Spread method
B 3M™ Petri film 0 3M™ Petri film 0 3M™ Petri film 0 3M™ Petri film
Replicate 3 S 2 3
¥25C o025 T 025 C 25T
Culture b4s0C () w350C () 5350°C () Z350°C ()
temperature 041 C a4l C a1 C 04l C
0445C () Wa45C () 0445CT () 0445C ()
o2he () b2he () o2hr () o2he ()
o22hr () B22hr () 022hr () o22hr ()
Culture period | 24 hr 024 hr 74 hr &24 hr
a( )hr () o( Yhr () a( dYhr () o(C )hr ()
o( Yhr () o( Yhr () o( )hr () o( )hr ()
Time (Start/End) 1551(9 /)312/( 2 ;z/;)’/ 20 M | ~e2Y/ Soig | v 2k oy Y
Volume (mL) | ; | | /e |0 / s | /o |oo 74
Dilution factor L.9 prs, // " — / /
Test substance |- | / E |E /-/ 1 E |E / E |E //

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

Working date A, 05 3% Personnel oA £ 1gn)

Confirmingdate | -22\4 ¢k 20> Confirmed by /] 2 JJ'M qé‘%‘f’)]ﬁ’

» Busan fechno—Park BSMB-QS-06_O4(2)
AL Morine fio- -industry Development Center




Microbiology Test Sheet

20) (¢
Study number I A - S(/L W Test number SEY A0 |
Sampling Time b/Day 0 oDayl woDay2 oDay3 oDay4 oDay5 oOther( )
Test substance plakewater/ SA Discharge control water 0 Discharge treated water 0 Other( )
Dilution water/Lot No. Autoclaved Distilled water/ADW-131 122
Test facility condition Start : Team. ))o'& bEIumldlty ‘fi% P.H. /End : Team—_yggC Humldlty 4«7’ % P.H.

R
Test condition

o Marine agar 0 Marine agar 0 Marine agar 0 Marine agar

k" Aerobic Courter Plate | 0 Aerobic Counter Plate | 0 Aerobic Counter Plate | 01 Aerobic Counter Plate
omTEC o mEIl \wmTEC o mEI omTEC @'mEI omTEC o mEI

o TCBS o TCBS o TCBS MFCBS

Manufacturing date / WY 6. S0 5. {9 sol 5 7

o Membrane filter Y Membrane filter M Membrane filter gMembrane filter

Medium name

Test method o Spread method o Spread method o Spread method o Spread method
b 3M™ Petri film 0 3M™ Petri film 0 3M™ Petri film o 3M™ Petri film
Replicate 3 3 3 bt
25 C 025 T o025 C 025 TC
Culture ¥350C () w350C () 0350°C () K350C ()
temperature 041 C HE41 C ¥a1 ¢ o4t C
0445C () Waas T () 0445C () n445C ()
o2hr () \72 hr () o2hr () o2hr ()
o22hr () w22hr () o22hr () o22hr ()
Culture period | %24 hr 0 24 hr 424 hr K24 hr
a( )hr () o( Yhr () o( Yhr () o(C Yhr ()
a( )hr () o( )hr () a( )hr () o( )hr ()
Time (Start/End) lg M gg/ ‘q( o ( (‘f:O% / fi‘._lb ’ (? Lol / /c?\ 1) /?.‘3} / /c/a :_25__
Volume (mL) | ; | / s /e | e el s
Dilution factor o || 4 - / // - //
Test substance M| A / M | M M | MM

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

Working date JzOI_ L OF 2 q) Personnel o [, b Js%'gn) i
Confirming date Q0 M cob. :1% Confirmed by /)11) @/ oy /;s%xuf: ;Z
. Busan Yechno—Park BSMB-QS-06-04(2)

7 L Morine Bio-industry Development Center



Microbiology Test Sheet

20 g_
Study number HAN —Shx (P ( ) Test number g ET — \4 —002
Sampling Time M/Day 0 o Day 1 oDay2 oDay3 oDay4 oDay5 o Other( )

Test substance

\{Uptakewater éDlschargeoommlwater 0 Discharge treated water 0 Other( )

Dilution water/Lot No.

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Team. 2, |C, Humidity 44 % P.H./End : Team.lg\g’C, Humidity : {5 % P.H.
T -l in@E
Test condition

Medium name

a Marine agar 0O Marine agar a Marine agar O Marine agar

{7 Aerobic Courter Plate | 0 Aerobic CounterPlate | 0 Aerobic Counter Plate | 0 Aerobic Courter Plate
omTEC o mEI E\],zﬁTEC o mEI omTEC &MEI omTEC o mEIl

o TCBS o TCBS o TCBS t-1CBS

Manufacturing date

ol & (F ol €19 | 2 6. (7

a0 Membrane filter Wembrane filter Wembrane filter Membrane filter

Test method 0 Spread method o Spread method o Spread method o Spread method
W3M™ Petri film | 0 3M™ Petri film | o 3M™ Petri film | o 3M™ Peti film
Replicate = 3 3 b
%35 C n2sC 025 C 025 C 1
Culture M350C () 350C () 0350C () 350°C ()
temperature 04l T 041 C W41 ¢ 041 C
0445°C () WaasT ()  |o4sT () 0445°C ()
o2 hr () vw?2 hr () a2 hr () o2hr ()
o2h () &2h () o22hr () o22hr ()
Culture period ¥24 hr 024 hr w24 br 24 hr
o( Yhr () o( )hr () o( )hr () o( )hr ()
o( )b () Je(Ob () |a(Ob () je( )b ()
Time (StartEnd) | (f1i6o/ (R:o> | (mrot/ [R331 | (8:0)V/ [o83( ] §vol / (@i
Volume (mL) / / / > JoO 3¢ | (QV 26— o>
Dilution factor Eo | »e 2 — 4 //
Test substance B B I/ / B |p / | B3 . B | B _//

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

Working date >oly, 65, > Personnel Ol o= ﬁ/’ (‘gﬂ)
Confirming date | 0|1} | A 29, Confirmed by d| A A C@@f&
7

gusan techno—Fark
7 L Morine Bio-industry Development Center

BSMB-QS-06-04(2)



Microbiology Test Sheet

201y
Study number H A = shrp Test number SET - L4 —00
Sampling Time aoDay0 o f)ay 1 VDay 2 oDay3 oDay4 oDay5 o Other( )
Test substance 0 Uptake water  &Discharge control water” DBDischalgetreatedwater 0 Other( )
Dilution water/Lot No. Autoclaved Distilled vizater/ADW-l 31122
Test facility condition B S;n: T;am.’)_uj}), Humidity : 4‘_[/% P.H./End: Team.)[kqC, Humidity [\‘_)_, % P.H.

Test condition

o Marine agar 0 Marine agar _‘_WI] Marine agar 0 Marine agar
M Aerobic ConterPlate | 0 AerobicCounterPlate | 0 Acrobic Counter Plate | & Aerobic Counter Plate
Medium name
omTEC o mEIl &/mTEC o mEI omTEC YmEl omTEC omEI
o TCBS o TCBS o TCBS & TCBS
Manufacturing date / .20 5. 5. 29
0 Membrane filter E’Membrane filter |l:{ Membrane filter DVMembrane filter 1
Test method O Spread method o Spread method o Spread method O Spread method
H3M™ Petri film | 0 3M™ Petri film | 0 3M™ Petri film | 0 3M™ Petri film
Replicate 3 3 3 3
025 C 025 T 025 T 025 T
Culture M350C () ¥350°C () 0350°C () w350°C ()
temperature 041 C 041 C Ma1 C 041 C
0445C () w445C () g445C () 0445°C ()
a2be () dahe () |o2he () o2hr ()
022 hr () ¥22 hr () 022 hr () 022 hr ()
Culture period | 424 hr 024 hr /94 hr 324 hr
o( )hr () o( )Yhr () o( dYbr () o( )bhr ()
a( )hr () o( dhr () o( )b () o( )hr ()
Time (Start/End) | 2-)% / 5 L | 2. w3/ %5 2-t) /903 5253 / 723
Volume (mL) | | | | / 2| (oo 2| (0 / g5 | (00 /
Dilution factor |10 | Y50 // IR // . ¢ 4 L« /
Test substance  |(-B | (4 / 248 | 94 -B / Q{ 'CiB

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

Working date MOV 30 Personnel L_& H7@1MO, | v f5ien)

7 [ v
Confirming date 9 Confirmed by = ¢ i igd
Mm\! %0 Loe. T\ Sul) Y

BSMB-QS-06-04(2)

y Busan Techno—-Park

b el i
i L. Morine Bio-industry Development Center



Microbiology Test Sheet

2014
Study number HA N - Ship B Test number SET - (4 -0
Sampling Time oDay 0 oDayl Bz/ Day2 oDay3 oDay4 oDay5 o Other( )

Test substance

0 Uptake water [\szischalgeoormdwater/éADischalgeuwedwarer 0 Other(

Dilution water/Lot No.

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Team.lur.\:F, Humidity W % P.H. /End : Team. 25‘(0 , Humidity : 4 % P.H.

Test condition

o Marine agar

0 Marine agar

a Marine agar

o Marine agar

Aerobic CounterPlate | 0 Aerobic Counter Plate | 0 Aerobic Counter Plate | 0 Aerobic Courter Plate
Medium name
omTEC o mEI %mTEC © mEI omTEC ¥ mEI omTEC o mEl
0 TCBS o TCBS o TCBS &% TCBS
Manufacturing date - B, =n . o0 B, 4
o Membrane filter IYMémbrar_le ﬁlte; ll_’( Membrane ﬁlte;_ d'Membrane filter
Test method a Spread method o Spread method o Spread method 0 Spread method
3M™ Petri film a 3M™ Petri film o 3M™ Petri film 0 3M™ Petri film
Replicate 2 3 3 =
025 T |:|25°C_ 025 C 025 C
Culture w350C () v350C (¥ 0350 °C ( ¥350°C ()
temperature 041 C 041 C ka1 ¢ 041 C
0445C () W445C (L) 0445C () 0445C ()
a2hr () onr (1)  |o2he () o2hr ()
022 hr () \# 22 hr (n) 022 hr () 022 hr ()
Culture period | 34 hr 024 hr w24 hr W54 hr
a( Yhr () a( dYhr () o( )hr ( a( )hr ()
o( )hr () o( )hr () o( )hr ( o( )he ()
Time (Start/End) | >- s /239y 2O / 71 2w0 ! 3217 3 ! s
Volume (mL) | \ / % (o9 / 75 | teo / 96/ (o l/
Dilution factor Xio| o // { / - // 4 __./ //
Test substance G | e ' C?M( /Ci/\ / (;.)4( M / 9;4\ | /

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

Working date \U& by 12@ Personnel LQQ {*(/O,Wgr ( ro g
! — = 7 |

Confirming date M oy 50 Confirmed by Q@ aT— Suy) (%
T 7/

A

Busan Techno-—-Park

Marrine Bio-induustry Development Center

BSMB-QS-06-04(2)



Microbiology Test Sheet

201y
Study number HAM - Slie Test number | SET -1 ~00 2.
Sampling Time oDay (0 oDayl \E/Day 2 oDay3 oDay4 oDay5 oOther( )

Test substance

Dilution water/Lot No.

0 Uptake water ¥ Discharge control water” %Dischaxgeumtedwarer o Other(

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Team. 739(C, Humidity : 4y % P.H. /End : Team.ll,}iC, Humidity Q‘\ % P.H.

Test condition

, Busan Techn

o—Park

/IL, Marine Bio-industry Development Center

0O Marine agar 0 Marine agar 0O Marine agar a Marine agar
Y Aetobic Counter Plate | 0 Aerobic CounterPlate | 0 Aerobic CounterPlate | 0 Aerobic Counter Plate
Medium name
omTEC omEIl YmTEC o mEI omTEC &mEI omTEC 0 mEI
o TCBS o TCBS o TCBS &TCBS
Manufacturing date | f_./ b .aq B.an .29
;:| Membrane filter t/Membrane filter Y Membrane filter # Membrane filter
Test method o Spread method 0 Spread method 0 Spread method o Spread method
I\Z/BMTM Petri film o 3M™ Petri film o 3M™ Petri film o 3M™ Petri film
Replicate 3 3 3 >
025 T 025 7T 025 T 025 T
Culture ¥350C () ¥350C () 0350C () ©350°C ()
temperature 041 C 041 C a1 c 041 C
0445C () [\M445T () 0445C ()  |[0#45T ()
a2 hr () &2 hr () o2 hr () o2 hr ()
022 hr () W22 hr () 022 hr () 022 hr ()
Culture period | 424 hr 024 hr W24 hr Y24 hr
o( )hr () o( )Yhr () a( )hr () o( )hr ()
o( )hr () o( )bhr () o( )br () o( )hr ()
Time (Start/End) 2029/ 303 320 [ 2 24 2111 /?\(17 2.(n/ PReY)
Volume mL) | | | ) 2 | oo o] 1o s /
Dilution factor |10 | X G¥ _ / - - /
Test substance | (¢ | (& C/é E }/é e / % o /
Remarks: The test of bacteria can have sample holding time.
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)
Working date Mﬂ\f B 3)70 ) Personnel LQQ—(‘VC\/\V\%M&?
) / ’ =
Confirming date Md\\l %0 Confirmed by (g0 T QD\/O//W
[

BSMB-QS-06-04(2)



Microbiology Test Sheet

2014

Study number HAN - gl P Test number SE1 —(e—oo02
Sampling Time oDay0 oDayl ‘ \Q/Day 2 oDay3 oDay4 oDay5 o Other( )
Test substance _D_Uptakewater 0 Discharge control water \#f Discharge treated water 0 Other( )

Dilution water/Lot No.

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Team.~{ ,»C, Humidity : % P.H. /End : Team~; yC, Humidity : % P.H.
2bn % >N %2,

Test condition

0 Marine agar o Marine agar O Marine agar 0 Marine agar
@ Aerobic CounterPlate | 0 Aerobic CounterPlate | 0 Aerobic CounterPlate | 0 Aerobic Counter Plate
Medium name
omTEC o mEI ¥mTEC o0 mEIl amTEC #&mEI omTEC o mEI
o TCBS o TCBS o TCBS & TCBS
Manufacturing date L 5 .an b an t.>9
0 Membrane filter Y Membrane filter M Membrane filter oWembrane filter
Test method 0 Spread method o Spread method o Spread method o Spread method
M3M™ Petri film | 0 3M™ Petri film | o 3M™ Petri film | o 3M™ Petri film
Replicate 3 3 3 3
0257TC 025 T 025°C i 025 C
Culture ¥35.0 C () ¥35.0C () 035.0C () M350C ()
temperature 041 C 041 C a1 C 041 C
n0445C () M445C () 0445C () 0445 C ()
a2br () w2he () a2br ()  |o2bc ()
o22hr () ¥2he () o22hr () o22hr ()
Culture period | ¥24 hr 024 hr Y24 hr 24 hr
o( dYhr () a(C Yhr () o( )hr () o( )hr ()
o( Yhr () o( )hr ( ) o( )hr () o( )hr ()
3 1 - O% 4L -o° dsie]
 Time (Start/End) 545 TR . @:f— s [ A t R U Tems
Volume (mL) 14 '\ut (4 ( , (gg_ tfoo |=0 ( [:o‘ ?oo (= _[C%?w ?;”‘ /
Dilution factor Xo |5 K o /A K(oye! _— / _ _/ — — /
Test substance | T_gl|cay | | papire |70 o/ [To) | oalThs) [Ty T2lTw /

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)

Working date

Moy

Confirming date

%<

Personnel

(o€ qu <, 0c G2

Confirmed by

(pe U @on(@%

7

Busan Techno—Park

Marine Bio-industry Development Center

Vb@/ 2,0

BSMB-QS-06-04(2)



Microbiology Test Sheet

20\

Study number H Ag ah D Test number SET ~U/[ —00),
Sampling Time oDay0 oDayl E/Day 2 oDay3 oDay4 o Day 5 o Other( ) -
Test substance 0 Uptake water o Discharge control water MDlschalgenmtedwatef Oﬁ1e1( )

Dilution water/Lot No.

Autoclaved Distilled water/ADW-131122

Test facility condition

Test condition

Start : Team. )(, [C, Humidity 24 % P.H. /End : Team.2{ 5°C, Humidity :77@ % P.H.
I

' o Marine agar o Marine agar 0 Marine agar O Marine agar
W Aerobic Counter Plate | 0 Aerobic CounterPlate | 0 Aerobic CounterPlate | 0 Aerobic Counter Plate
Medium name
omTEC omEI &'MTEC o mEl omTEC #mEI aomTEC omEI
o TCBS o TCBS o TCBS oTCBS
Manufacturing date / C.oNn 5. 2N 6. oF
0 Membrane filter | I:LI;Iembrane filter b"'Membrane filter w’Membrane filter
Test method 0 Spread method 0 Spread method 0 Spread method 0 Spread method
éngTM Petri film o 3M™ Petri film 0 3M™ Petri film o 3M™ Petri film
Replicate D) 3 =3 3
n25 T o025 7C 025 7T 025 T
Culture 835.0°C () ¥350C () 0350C () #350°C ()
temperature 041 <C D41 C pA1 C 041 C
0d445C () W445T () o0445C () o0445C ()
o2he () w2he () |o2hc () o2he ()
022 hr () 22 hr () 022 hr () 022 hr ()
Culture period bé4 hr 24 hr 24 hr M4 hr
o( )hr () a( )hr () o( )hr () o( Yhr ()
o( Z\Qhr ( )LH a( ‘)(Ll;r ( )%l Dé_-a;)th (4)\7‘ o( )hr 4(('3
] 4 455 : ) L de iy
Time (Start/End) é‘_ s 4; Z} é ?3 / Ji\:‘o!‘ , 4 ‘Z‘q / % o; & t,;;: / Ej;‘
Volume (mL) [ | v (7| (oo | [e° _ / (@ [ oo [(o° | /| loo | (0o (oo | /
Dilution factor (X (o |X'5\ [0/ X‘Zé; ) / / / / / / / / / ’ / / ;
Test substance [ | Tt( |- T THTRLITMY)/  [PHY [FHA{THUY/ fppat [THTHD

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

Working date

M[/\\J bl

Personnel

{ 2e. Hyoug g e

Confirming date

MA\[ “ho

Confirmed by

—_—
——

O |

Su(OH

1-..;

A

Busan Techno--Park

Marine Bio-industry Development Center

BSMB-QS-06-04(2)



20

Microbiology Test Sheet

Study number

HARN \é(mr

Test number

SET—

J (G0

Sampling Time

Test substance

Dilution water/Lot No.

o Day 0 |:|Day1 \m’ﬁayZ aDay3 oDay4 |:|Day5 0 Other( )

DUptakewater 0 Discharge control water ﬂ/Dlschargenmtedwater 0 Other( )

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Team72{ ©C, Humidity :3¢ % P.H. /End : Team:2},SC, Humidity : e % P.H.

Test condition

0 Marine agar o Marine agar O Marine agar a Marine agar
, % Aerobic CounterPlate | 0 AerobicCounterPlate | 0 Aerobic Courter Plate | 0 Aerobic Counter Plate
Medium name
omTEC o mEI WMTEC o mEI omTEC ¥mEI omTEC o mEI
o TCBS o TCBS o TCBS £rTCBS
Manufacturing date 5.2/ 5N w
o Membrane filter | b/Memb_ra;e_ﬁlter e Membrane ﬁlter_ ] (15_ Membra;le_ ﬁTter ]
Test method +#Spread method o Spread method 0 Spread method a Spread method
MMTM Petri film o 3M™ Petri film o 3M™ Petri film 0 3M™ Petri film
Replicate ‘7> (5 %’ 3
025 C 025 C 025 T lazsc i
Culture K35.0 T () ¥350TC () 035.0C () ®350C ()
temperature 041 C 041 C w41 C 041 C
0445C () 45T () 0445C () od445C ()
o2hr () W2 hr () o2 hr () a2 hr ()
022 hr () 22 hr () 022 hr () 022 hr ()
Culture period | /24 hr 024 hr &24 hr 54 hr
a( )hr () o( )Yhr () a( )hr () o( Yhr ()
o( Yhr () o( )hr () o( )hr () DE Yhr ()
Time (Start/End) :,__:»éﬁ / g Zﬁ ?{—\T‘-j /5\5 >y L%l:;f{— / %g bf{zc / ;E@
Volume (mL) ( ( / [00 | {oo | (02 / l€o | joo | [ ©9 [ (00 |(ed
Dilution factor Aw %«, )((;@ / / / / / / | / / / / / /
Test substance  L-p |72 or T Tt/ |TE (TR TH TE [T &

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)

Working date

May 39

Personnel

Confirming date

Ma\&// ) 0

Confirmed by

A

Marine Bio-ind

Busan Techno-—-Park

ustry Development Center

BSMB-QS-06-04(2)




Test Result Sheet with Microbiology

204
Study number Mad - Shie Test number SET - \k —00x
Sample type | 1. Uptake water 0 2. Discharge control water o 3. Discharge treated water o 4. Other( )
Sampling time |%Day0 oDayl oDay2 oDay3 oDay4 oDay5  oOther( )

0 A-1. Marine agan(Heterotrophic bacteria) A-2. Aerobic Counter Plate(Heterotrophic bacteria)
tvB.mTEC(Ecoli) Y C.mEI(Intestinal Enterococci) oD.TCBS (Vibrio cholera)

Medium name

Test Result
: )
Sample. | Medim Test substance Test method Samplevol b CEU/Plate
Type name (mL) factor R1 R2 R3
ﬁ.aﬂ B-2. | Sozpwg | oMEYo SOAPEY \ b B Ul =
l. c
Upie QG 30weB | OME? 0sObPE? ‘ 2o | © o 0
loocter. 9030 WH | O M.E® o 8? gPF? \ o ~ 2 |0
Q3w U | o M.EY 0 89 g F.Y \ =5 o o 1)
o3 0op | 0 ME” 087 uPES \ ) ( ol [
503 ) WwE | IME”os? MPED ( o 0 o ©
B. 50%0068 | WME?oS?aPE? | o I 13 i | 1o
So30L B ¥ M.F? o5 gPF.? lo6 / 4| B3 | &
So3 YW Y ¥MEY0s9aPFR? | / g | 23 |26
% Ot | ¥MEY 089 oPEY (00 / &0y | na LY~
so3Uw| ¥MEYos?aPEY | o / 3 q | R
0300 E | PMEYSS?PE? || oo [ ] 30 | | a3
C SV B | YMEYoS?oPEY | op / > | (
503 U(A) B [U/l\/[.F.b) m] Sc) I:IP.F.d) LOO / 40 ‘Bn 4_0
4030 M MF? 0 S? oPFEY 2k / 4 b A
3030 M ¥MEY o S? gPE? Lo / 42 3 33
S03 UWE EM.F.") os?oPEY | / 3 N
D3YW & ryM.F.b) o S9 oPEY (0O q N 9
Remaks
Working date 2 Moy Personnel lop H}m ng hee. Asign)
Confirming date /M[-Hﬁ 1%\/ Confirmed by Kou HMT "\To/ﬁ‘"'l (S%l%
7 =

a) dilution, b) membrane filter, c) spr’eading, d) pet;i film
BSMB-QS-06-05(2)

Buson Techno —Pari

Ao JoEan (BERne -
K. Marine Bio-indlusiry Devalopment Canfer



Test Result Sheet with Microbiology

20l
Study number | A\ — St p Test number SET — (-0 >
Sample type mi 1.Uptakewater\zé. Discharge control water o 3. Discharge treated water 0 4. Other( )
Sampling time |0 Day(0 o Dayl1 \zﬁ)ay 2 oDay3 oDay4 oDay5 oOther( )
e 0 A-1. Marine agar(Heterotrophic bacteria) WA-2. Aetobic Counter Plate(Heterotrophic bacteria)
edium name
Y B. mTEC(E coli) ¥C. mEl(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
Test Result
le | Medium levo. | DY CFU/Plat
Samp Test substance Test method Sampleo =
Type name (mL) factor R1 R2 R3
k. n Nes. | ScDa- B | O MEY o SAAPEYD | | Ko | & % | 9
3, Spa - B | oMEPosMPED || o | (| ©
D\@Ohﬁlﬂz b) c)‘ d)
Conns| QPR M oMFE”oS EP.F. (‘ Y (O f'? Q 6
b) _ Q) d) :
' <ps. M | OMEPoSO&PE? | K2 % (|
Srpa- E | O M.EY o 89 3R [ X (o R 9, Ir
Qcpa- E oMEYas?®EY | [ | xw | o | | o
B  Sebo- B | 'E/M.F.b) o S9 oP.E.Y 1o o // Ay W\ 9
T o by — | ¥MEP0S90PEY | (o0 | 7 | 20 | 9 | 19
Qeba- E EMEY 089 0PEY | {02 / AL
B b) _ o) d) g
€. |ocps- B |IMPPOSIaPR? | (o0 | 7 [ | W |s3
mEL | <cpa- ™ b(l}/[ FY o9 oPEY (O / Q2 | =3 | (T
| stpoa- i - E/M.F.b) o S® oP.F.Y (00 / >\ [ Ly
o M.E” o 89 oP.E?
o M.E? o 89 oP.E?
o M.E? o S9 oPFY
o M.EY 5§ oPFY
. | oMEY0s90PE
— | o M.FEY o S9 oPFY
Remaks
Working date U By L. Personnel Los My are, hee A0
Confirming date MO‘Y ZA Confirmed by [{ h HW/ j&’/z;‘ @#\)/)D

a) dilution, b) membrane filter, c) spreadmg, d) petri film

A

Busan Techno—Park

Marine Bio-industry Development Center

T

BSMB-QS-06-05(2)



Test Result Sheet with Microbiology

[
a) dilution, b) membrane filter, ¢) spreading, d) petri film

— Busan Techno--Park

7 L. Marine Bio-industry Development Center

20(t{
Study number | HAN - Siap Test number SET — |l -0 2
Sample type | O 1.Uptakewellterm2. Discharge control water k3. Discharge treated water 0 4. Othex( )
Sampling time |0 Day(0 o Day!l r_thay 2 oDay3 oDay4 oDay5 aoOther( )
0 A-1. Marine agar(Heterotrophic bacteria) #/A-2. Aerobic Counter Plate(Heterotrophic bacteria)
Medium name
oB.mTEC(Ecoli) oC.mEl(Intestinal Enterococci) oD.TCBS (Vibrio cholera)
Test Result
le | Medium levol. | DY CFU/Plat
Samp Test substance Test method Sampleo -
Type name (mL) factor R1 R2 R3
b) _ q©) d)
g H‘l‘ S.CD)-‘ B\ oME” oS EPF. ‘ Xto /7 g 6\
% b) c) d) -

o Pesbee [Spar By | OME" DS wPF. \ (5 2 3 (
Cagd ., Wt lQrpse B2 | O M.EP o 89 wPF.Y \ 12 1 & |3
W' FW‘“\ Stpa- g+ | O ME” o 89 b9 \ oL 5O o P >

! SWpn- 34 | O M.EP o 89 pF9 \ O | 2 O pu
SToa- 83 | O M.EY o SO WPEY \ £ Y 0 [
Stoae M1 | OMEYaSP 8RS | o | 6 |4
<Srha- M) | O M.EY o SO oPF \ L& ( 5 | 3
b) c) d) ,
Stpa- o | CMFOSV¥REY | @ | b |z |3
b) _ QO d)
STpa- M| O M.E? o 89 P F. 0 % 69 / / D
Sipa- Mz | O M.EP o 89 oPF? [ X0 [ R A
Stha- M3 | 8 M.E.” o §9 QP.F.d) { X 6D / 2 [
Ctoa- | | EMEP o S9@PRD | e o |2 /
Stpa~ £l | oMEY 0S7wPE? \ S b [ |7
<tpa~ E O M.E" o §9PE9 | X2 3 3 |4
Fpa- 2 | OMEYoS7@EY || X6 [ | 1 |/
p= b C d
<¢tba &3 o M.E” oS yPFY \ X (O QO [ N
<tpa-T3 | OMEVoSTRPED | X»> | o | 0 ]O
Remaks
Working date M ﬂ\/ % | | Personnel L(c’,, -y Jee .
Confirming date ]\\o\\j b\ | Confirmed by £im Hw}vjfgz S v
7

BSMB-QS-06-05(2)




Test Result Sheet with Microbiology

201l¢
Study number | |{AN — g(ﬂp Test number STE - (g 00 x
Sample type | o 1. Uptake water o 2. Dischalgecormolwatel\i{?a.DisclmgetrwedwaterD4.O&1e1( )
Sampling time | 0 Day 0 o Day 1 dl/f)ay 2 oDay3 oDay4 oDay5  oOther ( )
- 0 A-1. Marine agar(Heterotrophic bacteria) o A-2. Aerobic Counter Plate(Heterotrophic bacteria)
‘éB. mTEC(E coli) 376 mEl(Intestinal Enterococci) oD.TCBS (Vibrio cholera)
Test Result
Sample. | Medum Test substance Test method e N CEU/Plate
Type | name (mL) | factor | R R2 R3
5 P lowmy. B | WYMEYo0SPoPEY | (oo O | o o
Dedorye -mTgc s B | ¥MEP 089 PE? | oo [ o |o ©
trestel s By | WMEY0S7aPE? | (g0 / % A S
podel crpy- My | ¥MEY0SYPEY | (o0 / O o | C
Stps— o ¥MF? o s oPFY (00 / ) O O
Stp>- Wy | ¥MEP0SYoPED | (00 Il o] oo
ST - Co BME” 0S?oPF?Y | |00 _/ (9 -~ | o
arpy- C, | ¥MEP0S?oPE? | (oo | 0 | 9
| ¢ty gy |¥MEP0SYPE | (o0 | 5 O | o
C. <oy - By M.E? o 89 oPFEY (00 “ | O (©)
WEL | ey pa | @MEY0SP0PEY | (oo O |o Q
TPy~ By | YMEY0SYoPE? | (g0 0 O O
So- Wi | YMFPos9oPE? | | | o |o O
St~ M, | ¥MEYo0S?oPEY | | o) O o
ST~y |WMEY0SY0PEY | 1656 | % A |0
STha- EMFEP oSO oPE? | (o0 || 4 o | ~
Stp>- € ¥ EYasYaPR? | g / - o | 0
STPa~E4q | O M.EY o §9 oPEY N O O O
Remaks
I Working date MM N Personnel Lee HYOWNL | —24jE")
Confirming date M ay h\ Confirmed by k\\"’l Vt Wl v}gp/q QMV
a) dilution, b) membrane filter, c) spreading, d) petri film =7

BSMB-QS-06-05(2)

, Busan Techno—Park

L Marine Bio-indlustry Development Center



Test Result Sheet with Microbiology

2004
Study number HM — g\{;mo Test number SET - (" —O00 2
Sample type | &1. Uptake water 0 2. Discharge control water o 3. Discharge treated water o 4. Othe( )
Sampling time é’Day 0 oDayl oDay2 oDay3 oDay4 oDay5 oOther( )
R 0 A-1. Marine agar{Heterotrophic bacteria) rA-2. Aerobic Counter Plate(Heterotrophic bacteria)
&B. mTEC(E coli) \éd C. mEI(Intestinal Enterococci) &D.TCBS(Vibrio cholera)
Test Result
S:yrzle Mnj:n Test substance Test method Sa::i;o]. f:::)r = CF[Ingate -
Mo | a2 oMFE”0S?aPEY | ) . o
am o ME? o 89 oP.E? 9 /
$ 22L& oMF?oSYaPF?Y | - | ) | /
HY o ME? o089 oPFY ~ 0 /
C | apm oMF?os?oPF® | - o /
Y oMFE?aS?oPE? | _ . | o
D x| oME? 0S89 oPE? o
o ME? o $? oP.F.Y
o MEY 0§89 aPF.9 s
o MEY 0 89 oPFY ]
o ME® o $? oPEY T
oMFEPos?oPE? ||
oMEY 0SYcPEO|
oMF.” o 89 aPF?
o MF? o SY oPEY
) oMFE” oS? oPEY
e o ME? o $? oPEY
| // o M.FY o $9 oPEY
Remai{s
Working date DN May Personnel Myathg hee , Lee
Confirming date f})\-k"n Mé\/ Confirmed by I(,,Tw Hiii= Teero)
4 J

a) dilution, b) membrane filter, c) spreading, d) petri film
BSMB-QS-06-05(2)

—> Susfaﬂ I;&c?’mo ~Park N
% Marine Bio-inclustry Development Center



Vibrio cholerae O1, 0139

20/4
Study Number Hon — Ship Test Number SET ~(y-o2.
‘Sample type W Uptake water 0 Discharge control water 0 Discharge treated water 11 Other( )
Sampling time ¥ Day 0 o Day 1 o Day 2 o Day 3 o Day 4 o Day 5 o Other( )

1. Procedures

¥ Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.
(V" Incubate at 36°C + 1 °C for 6-18 hours.

M Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
antiserum for serological identification.

2. Results
Test substance 01 0139 Sum
$S03 0 B O O o
503 VW H O & o
03 0O E O O £

e

il

e

susan Techno—Park
<K, Merine Bo-industry Development Cenfer

3. Remarks

* Working date %o WAy Study personnel | o010 (oo 4G

- Confirming date N [\,t’(\, _Confirmed by P‘P’U’ (’Y&T —Jeonsth )
/ AR

Worksheet-Microbiology-003-2(2)

1~



Vibrio cholerae O1, 0139

20\%
Study Number VAN Carp Test Number ST M~ 002,
~ Sample type DUptakewater‘ &fDischalgewrmolwater bDischarge treated water 0 Other( )
Sampling time 0 Day 0 o Day 1 d¥Day 2 o Day 3 o Day 4 o Day 5 o Other( )

1. Procedures

\Z] Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.

% Incubate at 36°C £ 1 °C for 6-18 hours.
Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
antiserum for serological identification.

2. Results _
Test substance 01 0139 Sum
HL-So3Ty- B 0 @) 0
Ni-Ces cpa-p C 0 ©
HL-&3 cpa. & Q - (&
HL-S03 7D =2-B) O o O
Hi-Codrp 2> - Bo O = O
HL-So3 1D > — B~ O © (®)
Hi-So sipp> - M| o O O
HL-Co3TDa- M2 O O O
He-So% Ty M3 O O ©
HL- SO T2~ E O Q O
HL-So »Tp2-E2 G 0 O
Hi~<od1p 2—F3 P; ¢! )
/
—
3. Remarks
_ Working date %\ -t May Study personnel | (g0 M sy, hoe ign
Confirming date d ))(H\ tu@f\;.- . Confirmed by Jemy f[i[u'r\:"]"‘,o?}? §

Worksheet-Microbiology-003-2(2)

Busan Techno-—Park

$ Maring Bio-industry Development Center

V



ol

Test Result Sheet - Classification (11)

* R: Replicate

1 Busan Teohng -~

Pl
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volume R*1 R2 R3 (p.m)
HL-$0300p |Tou]. | Cermtium  op. & > | o
Choetocore %p. / o | >
A le scond riwm 4/7 o | > 5| 18
Abashiwo  <p. /o | /=] /8
S( ) /91‘0 Nins 6P o e a2 _
C‘S/Mnoc,rmwm SP / = =
Tholassiosrro ‘7/9 / / «
proo cen-trum 4p. b>| 53| &<
Ox /g/wh'r & __5p. O 2> | O
/‘0‘;‘,\& PMeran o ric 2p- 4 > 5
Ala 5t wo Tp. 2 O o
P prove centrm op. 8 | /0 | 9
_/
/
/
//,/
Remark
Date . MW }&F‘/z” Study personnel %W)ZD
Certificate date f\/lo\\; af W) Study director J( M M ufjf O)q %@
/

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

iy

Study number H AN~ 6&;7{9 Test number C;ET — { é'é—w OO0 2
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Study number /

Test number SET - ( (—{ — 00 2
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Test Result Sheet - Classification (II)

Study number _——— Test number gﬁT = [Lé" 00 £
Test substance HL ‘~§ [)‘3 [—D ) — (:5 Lot. No. i —_
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Test Result Sheet - Classification (I1)
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4.4 Test 4 report and raw data

Test Report

Project name

EcoGuardian™

Test number

SET-14-003

Port

Gunsan(Korea)-Ballasting

Title

Efficacy test of EcoGuardian™ Ballast Water Management
System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK
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Test Report SET-14-003

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed
in accordance with protocol and standard operating procedures (SOP) of Busan Techno-
Park(BTP). The report was an accurate reflection of the raw data generated at the BTP.

Inspection of the routine and repeated procedures that constitute the study was carried out as a

continuous major phase at or about the time this study was in progress.

Test plan June 19, 2014 June 19, 2014 June 19, 2014

1 June 22, 2014 June 22,2014 June 22,2014
Sampling r
2" - - =
g June 22, 2014 June 22,2014 June 22,2014
Test substance
2nd - - "
IS[ o - -
Test procedures
(Bacteria test) ond 1 _ .
Observation and 1% June 22,2014 June 22, 2014 June 22, 2014

counting
(=504m, 10um-50umy | 2" . - ’

Observation and 1 - X ”
counting ,
(Bacteria test) 2" . - -
447,0 ) Hn»a’jz"‘ (s%ﬂﬁ 1ofh  Dec Lol

v

Seo, Hyo-Jin / Project director Date




Test Report SET-14-003

Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Busan Techno

Park in performing the test.

Name Date

Study Personnel kW Wi ~Teo “jj@ @}‘éé‘—’lfba |¢'Ha - Dec . 2ot 47/
Leg o «gmﬁ»%—. |2t Dec 201
7/

)
Lee M\’;oung\qee % |&+th  Dec >0l

(sign)

(sign)

Project director éw [ Hﬂw—}&\_ (Slgqﬁ ('Z,PL - Pec. . ?/Ol%
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Test Report SET-14-003

1. Results

1.1 Loading record

Vessel name SSANG YONG CHANGYAHNG

IMO number 9121027
Sample Loading Discharge
Water ballast tanks WGT (Mt) (Date/Location) (Date/Location)

June 22", 2014
Control | No.3D/BW.B.T | P, S 1370 |Gunsan -
(35°58.61N, 126°37.10E)

No.4 D/BW.B.T

Treated |\ "c 5B W.B.T

P, S 650 - -

1.2 Water parameters

Table 1. Water parameters at field

Temp | Salinity DO Turbidity| TRO

Date |  SampleID PH (°C) | (PSU) | (mg/L) | (NTU) | (mgL)

HL-SO4UW-B | 807+000 | 21.95+0053303+001| 801+017 | 49+01 -

Day 0| HL-SMUW-M | 813+005 |2212+001|3315+006 534+000 | 59+06 -

HL-SOAUW-E | 819+001 |21.63+001|3322+001| 548+001 | 46+01 -

Data were presented as meantS.D of three repeated measurement.
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Test Report SET-14-003
1.3 Influent water : Uptake water
1) > 50 pm organism
Table 2. The survival number of the organism larger than 50 pm
Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(pm)
Cirriped larvae 800 + 265 250 ~ 280
Acartia sp. 1,233 + 416 300~325
Nauplius 700 + 265 70 ~90
Oithona sp. 1,267 + 115 80 ~ 150
HL-SqUw-B | Arthropoda | Paracalanus parvuss. |. 1,333 + 153 220 ~ 240
Decapoda larvae 1,100 + 361 200 ~ 230
Centropages sp. 267 + 306 180 ~ 250
Acartia hongi 300 £ 520 170 ~ 210
Oithona similis 133 + 231 145 ~ 160
Annelida Polychaeta larvae 1,033 + 153 120 ~ 150
Oithona similis 667 + 208 145 ~ 160
Acartia hongi 400 £ 173 170 ~ 210
Cirriped larvae 400 = 200 250 ~ 280
Acartia sp. 967 + 208 300~325
Nauplius 200 + 200 70 ~90
HL-S04UW-m | Arthropoda Oithona sp. 1,033 * 306 80 ~ 150
Paracalanus parvus s. I. 1,267 + 306 220 ~ 240
Parvocalanus crassirostris 367 + 153 200 ~ 220
Decapoda larvae 1,167 + 208 200 ~ 230
Acartia sinjiensis 233+ 208 150 ~ 220
Annelida Polychaeta larvae 633 + 306 120 ~ 150
Paracalanus parvus s. I. 1,067 + 153 220 ~ 240
Decapoda larvae 733 + 153 200 ~ 230
Acartia hongi 367 + 321 170 ~ 210
Oithona similis 1,133 £ 252 145 ~ 160
Arthropoda Centropages sp. 800 £ 265 180 ~ 250
HL-SUWE Acartia sp. 933 + 569 150 ~ 220
Nauplius 100 + 100 70 ~90
Oithona sp. 233 + 153 80 ~ 150
Parvocalanus crassirostris 133 + 153 200 ~ 220
Annelida Polychaeta larvae 733 £ 153 120 ~ 150
Total 12 species 2 phyla/divisions 7,244 + 970 -
Influent condition:
Acceptability Acceptable -

(>10%ind./ m®)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.
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Test Report

SET-14-003

2) 10 pm - 50 pm organism

Table 3. The survival number of the organism between 10 to 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/mL | Dimension
(pm)
Thalassiosira sp. 2+3 10~30
Navicula sp. 31 10~25
Actinoptychus sp. 31 40~45
Chrysophyta Skeletonema sp. 6+4 10~12
HL-SAUW-B Eucampia sp. 01 10~30
Chaetoceros sp. 2+3 10~15
Gyrodinium sp. 61 10~20
Pyrrophyta Prorocentrum sp. 2+1 10~25
Paralia sp. 3%+6 20~22
Eucampia sp. 01 15~25
Skeletonema sp. 4+5 10~12
Chrysophyta Thalassiosira sp. 6+1 10~30
Actinoptychus sp. 32 40~45
HL-S0UW-M Navicula sp. 0+1 10~25
Prorocentrum sp. 11 10~25
Pyrrophyta Gyrodinium sp. 5+3 10~20
Unknwon 1+1 20~25
Skeletonema sp. 9+3 10~12
Thalassiosira sp. 3+2 10~30
Navicula sp. 1+1 10~25
Chrysoppel8 Pleurosigma sp. 1+1 13~20
HL-SO4UW-E Chaetoceros sp. 01 10~15
Actinoptychus sp. 01 40~45
Gyrodinium sp. 3z1 10~20
Ryt Prorocentrum sp. 2+2 10~25
Protozoa Protozoa 1+1 20~30
Total 12 species 3 phyla/divisions 24 + 3 -

Acceptability

Influent condition: Unacceptable
(>10%ind./mL)

Data were presented as mean+S.D of three repeated measurement.

Some species were rare, the standard deviation was high.
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SET-14-003

1.4 Elimination efficacy

1) > 50 pm organism

Table 4. The survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals/m® Acceptability efficacy
(%)
HL-S04UW-B? 8,167 + 252 .
Uptake water : Influent condition:
P HL-S04UW-M"? 7,333 + 586 Acceptable -
(Day 0, Uw) (102 ind./m?)
HL-S04UW-E® 6,233 + 306 = '
2) 10 pm - 50 pm organism
Table 5. The survival number of the organism between 10 and 50 pm
Elimination
Test substance Sample ID individuals/mL Acceptability efficacy
(%)
HL-S04UW-B? 28 + 12 -
Uptake water . Influent condition:
P HL-S04UW-M"? 24+ 11 Unacceptable -
(Day Oy (102 ind./m?)
HL-S4UW-E® 21+8 = '

a) B: Beginning, b) M: Middle c¢) E: End
Data were presented as mean+S.D of three repeated measurement.
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2. Validity

2.1 Water parameters measurement

» All measurements were tested more than three times.

» Water parameters were analyzed as soon as possible after sampling.
2.2 Biological efficacy test

« Valid tests are indicated by uptake water, for both the control tank and ballast water to be

treated, with viable organism concentration exceeding 10 times the maximum permitted
values in Regulation D-2.1

SErmplE L (indizv?gul;?;/m% (i%]%il\l/rir:n]:g/lrlnnl]_)
HL-S4UW-B 8,167 + 252 28+ 12
HL-SOAUW-M 7,333 + 568 24+ 11
HL-SOAUW-E 6,233 + 306 2118

% Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension

 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time

Day 0 HL-S04UW-B,M, E June, 22 13:00 June, 22 18:00
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3. Conclusion
3.1 Unacceptable of Influent water and discharge control water condition for IMO
standards.
» Uptake water condition of organism between 10 um and 50 um was unacceptable for
IMO standards.

» Therefore, the test was invalid.
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4. Appendix

Appendix 1. Water parameters at field

1) Uptake water

owe | samperp | RO | g | T | Samiv | 0o | iy
R1 8.07 21.90 33.02 8.21 5.0

HL-S04UW-B | R2 8.07 21.98 33.04 7.91 4.9

R3 8.07 21.98 33.04 7.92 4.9

R1 8.07 22.11 33.12 5.34 6.3

Day0 | HL-SO4UW-M | R2 8.16 22.12 33.22 5.34 6.3
R3 8.16 22.12 33.12 5.34 5.2

R1 8.18 21.62 33.22 5.48 4.7

HL-SO4UW-E | R2 8.19 21.63 33.21 5.48 4.6

R3 8.19 21.63 33.22 5.49 4.6

a) R: Replicate

b) TOC: Total Organic Carbon (TOC=DOC+PQOC)

c) DOC: Dissolved Organic Carbon

d) TSS: Total Suspended Solids
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Appendix 2. The survival number of > 50#m organism in uptake water(Influent water)

Date Sa:gple Classification C\:/%TS#EQ R 1a)indivi(|1l;als/m3 "3 Mean @ SD"

Cirriped larvae 11 6 7 800 265

Acartia sp. 17 11 9 1,233 416

Nauplius 6 10 5 700 265

Oithona sp. 12 12 14 1,267 115

HL- | paracalanus parvus s. |. 13 12 15 1,333 153
S04UW 5SmL

B Decapoda larvae 8 15 10 1,100 361

Centropages sp. 0 6 2 267 306

Acartia hongi 0 0 9 300 520

Oithona similis 0 0 4 133 231

Polychaeta larvae 12 10 9 1,033 153

Oithona similis 9 6 5 667 208

Acartia hongi 5 5 2 400 173

Cirriped larvae 6 4 2 400 200

Acartia sp. 12 9 8 967 208

Day 0 - Nauplius 4 2 0 200 200

S04UW Oithona sp. 5> mL 7 11 13 1,033 306

e Paracalanus parvus s. I. 16 10 12 1,267 306

Parvocalanus crassirostris 2 4 ) 367 153

Decapoda larvae 10 14 11 1,167 208

Acartia sinjiensis 0 3 4 233 208

Polychaeta larvae 9 3 7 633 306

Paracalanus parvus s. I. 11 9 12 1,067 153

Decapoda larvae 6 7 9 733 153

Acartia hongi 5 0 6 367 321

Oihona similis 14 9 11 1,133 252

SO|_4|b-W Centropéges sp. & mL 9 5 10 800 265

E Acartia sp. 11 14 3 933 569

Nauplius 0 2 1 100 100

Oithona sp. 1 4 2 233 153

Parvocalanus crassirostris 1 3 0 133 153

Polychaeta larvae 7 6 9 733 153

a) R: Replicate, b) S.D: Standard deviation, Some species were rare, the standard deviation was high.
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Appendix 3. The survival number of 10u#m - 504m organism in uptake water (Influent

water)
Sa:r[])ple Classification C\:/%lﬂ‘:gg R1Y”» R2 R3 I\l/lnetllxldualsér.nDIT b)
Gyrodinium sp. 7 5 6 6 1
Thalassiosira sp. 5 2 0 2 3
Navicula sp. 4 4 2 3 1
Actinoptychus sp. 3 4 2 3 1
HL'S_?BA'UW Skeletonema sp. 1.0 mL 10 3 5 6 4
Eucampia sp. 1 0 0 0 1
Prorocentrum sp. 2 1 2 2 1
Paralia sp. 10 0 0 3 6
Chaetoceros sp. 0 0 6 2 3
Eucampia sp. 1 0 0 0 1
Skeletonema sp. 10 3 0 4 5
Prorocentrum sp. 5 1 2 3 2
HL-S04UW Gyrodinium sp. 8 3 6 6 3
Y - 1.0 mL
-M Thalassiosira sp. 5 7 7 6 1
Unknown 2 1 1 1 1
Actinoptychus sp. 5 2 1 3 2
Navicula sp. 0 0 1 0 1
Gyrodinium sp. 4 3 3 3 1
Prorocentrum sp. 4 0 2 2 2
Skeletonema sp. 12 7 8 9 3
Thalassiosira sp. 5 2 1 3 2
HL'S_(I)E4UW Navicula sp. 1.0 mL 2 1 1 1 1
Pleurosigma sp. 2 2 0 1 1
Protozoa 1 0 2 1 1
Chaetoceros sp. 0 0 1 0 1
Actinoptychus sp. 0 0 1 0 1

a) R: Replicate
b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 4. The microscope image of >504m in uptake water (Day0)

Uptake water (Day 0)
Cirriped larvae** Acartia sp. ** Nauplius**
Oithona sp. ** Paraclanus parvus s. |. ** Dcapoda larvae*
Centropages sp. ** Acartia hongi** Oithona similis**
Polychaeta larvae** Acartia sinjiensis** Parvocalanus crassirostri**

* Magnification : 50
** Magnification : 200
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Appendix 5. The microscope image of 10 #m—50 u4m in uptake water (Day0)

Specific
Name

Uptake water

Optical

Fluorescence

Thalassiosira
sp.

Navicula sp.

Actinoptychus
sp.

Skeletonema
sp.
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Eucampia sp.
Prorocentrum
sp.
Pralia sp.
Chaetoceros
sp.
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Gyrodinium sp.

Pleurosigma
sp.

Unknown

Protozoa

Magnification : 200
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5. Attachment
5.1 Sampling check & custody Sheet
5.2 Water parameter measurement sheet (1)

5.3 Test results sheet — Classification (1)
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Sampling check & custody Sheet

20 4
Study number Test number SeEl— 4+ —0073
Sampling time \D/Day 0 oDayl oDay2 oDay3 oDay4 oDay5 ooDay( )

Sample location

\gljptakewaterDDischaIgeoonnolwaterDDisdlaIgeueaIedwateruOﬂﬂ( )

a) Concentration b) Period

Sample Sampling time
Parameter ) ) e -
Con. Bottle Vol. (L) | P.” | Beginning | Middle End
TSS HDPE = =
DOC, POC HDPE 2
Bacteria (4 item) " HDPE 2 0215 St | woo | §:of
Organism (10~50 pm) HDPE ‘ o3
Organism (=50 pm) joco-05 | HDPE | 0
Sample location 0 Treated water 0 Treated water (Neutralized)
. ' Sample Sampling time
~ Parameter — . . :
i Con.” Bottle | Vol. (L) | P.” | Beginning| Middle End
Bacteria (4 item) © HDPE ol
Organism (10~50 pm) HDPE o2
Organism (=50 pm) HDPE o3
j el Concentration
Parameter Vol of concentrated before Equipment Mesh size
Organism (=50 pm) (L) net 32 pm
Organism (10-50 pm) (L) net 5 pm
- Sample storage information A
~ Parameter Location & condition Storage time
TSS .
Freezer(-20C)
DOC, POC
Bacteria (4 item) Refrigerator(4 C)
Remarks
* First, fill a 201 HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pm), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity
* Separately, organism(>50 um, 10-50 pm) sample was concentrated with net.
* Storage time of “bacteria sample” is for “heterotrophic bacteria test”
* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 4 mL HCI of 2 L sample)
Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :
A
Working date (a 22 Personnel LﬂQ 37 --Qu N (7@
3 22 ' e i
Confirmation date b. Confirmed by Leo. 7 -Sun Q :)

4

c) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Buson Techno--Pork

. /J'"" —_—

7 b Marine Bio-indusiry Development Center

Worksheet-Field-001-2(3)




Water parameter measurement sheet (1)

204
Study Number Test number SET - '} =00 D)
Sampling time %Dayo nDayl oDay2 oDay3 woDay4 oDay5 oDay( )
Equipment Ygl bo' 2.(y - PH, temp., salinity, DO, Turbidity - TRO
Sample Replicate |  pH Temp (°C) Sa(';;:;ty DO (mg/L) “(';l}igi)ty (:;g)
You c
DDi;:Ciak:;lg“:gnuolwm RI 8\00 Ll"”() 33,02 812! g(D
1 Discharge treated water R2 3 ‘Of) 24,9 32 NS N \‘1 | Lf [Ol /
01 Discharge treated . )
vatoNoamidvae) | F3 | 800 [ a8 Dok | 9 49 |/
Yo )oM( )oB( ) | Mesringtime | |3 % 0]
oAU . ' - :
Dngal:i;agmlm Rl dofl | Zzy\ B2 | b4 él% /
oDistaetetedvaer | R2 | 816 | 27,223,222 | 51 FF | 4.3 /
01 Discharge treated — =m—— .
water(Neutralized water) R3 ;/'.lé 12 J2- 1y | U 3% 18,2 /
OB WM( )oE( ) | Mesuigtime | 220 4L
'\ Uptake water o , } v
o Discharge control water - 2?‘ ’2 . \£2' 57 122 ‘5.45 L:fja /
Discharge treated water . ‘ ‘
e | R |90q 2y (B2 | S92 | Tia | [
wteiatvas) | B §) (g |2, 43]% 00 |Sq0 | T |/
0BOOMONK ) | Mesiigine | [ G 1 g ’
0 Uptake water R1
o Discharge control water
01 Discharge treated water R2
0 Discharge treated
water(Neutralized water) R3
aB( )oM( )oE( ) | Mesrmgtme
0 Uptake water R1
0 Discharge control water
0 Discharge treated water R2
0 Discharge treatex
water(Neutralized water) R3
0B( )oM( )oE( ) | Measrngtime
0 Discharge control water
0 Discharge treated water R2
o Discharge treated
water(Neutralized water) s
oB( )oM( )oE( ) | Mesungtme
Remarks
)
Working Date L. 22 Study Personnel | |ce g7 - <N Waﬁ‘
Confirming Date L) L Confirmed by L@@ Jr —Cy 'W f

A

Busan Techno—Park

Marine Bio-industry Development Center

Worksheet-analysis-001-3(3)



Test Result Sheet - Classification (11)

20 [+
Study numbel' SE7T - l¢ —cod
T t subst | Tl weter __—
eﬁ ‘:’.?,u“swal.lcfj (o ;z ,_,.——7"""‘
ism-.+ | 0>10to 50 pm > 50 ym | cWBirect a Dye ( )

. Concentration
G 2

Test's_t:h&_.ﬁnaé z
N M T o Cm .ni']-:l‘l“m‘
ensron

s

'I‘est sﬂe

— t-—“r‘ Al BT

BR 557 2% s m NSEL e A o Vo ARI &
P/L’éoﬂruw B | EmL rwfpec{m /é?rv’cﬂc*} ( by /)
9

Bartin 5p. N Ll

naupliug ! b (0 [

07thopa 4p. (v | | Y
\/Chﬂb”f&lf laria V- o 4

l Lec il ~
r/fl‘hﬂ/aj e Delelf] o Il \/)\ Jl {é)“ V
(

neEch Vo’ % e e |
cen mmmw 9h. b 2
ﬂmv:’fm /wm, I “

L

ﬁ(%;m(}z’a ,4'21?//‘5

e pb. 1 Kitn {u7 ~Jeend oy
Certificate date L kom Hia=0eeng W\I/b
v

* R: Replicate
Worksheet-Plankton—003(1)

Busan Techneo—Park

& '1_ Maring Bic-ndustry Development Center



Test Result Sheet - Classification (1)

20 (Y

Test number

GET— (L~

Study number

Tt sbias

sondrel Lzm"{?? 4

—Lot No

|

- —

o> 10to 50 um MZSOum

ELD'irect

5 ;.-,Method gt

o Dye ( )

- Organism |

Concentration - -

Recewe time of
test substance

.-,:-¢. L

7 ,Tesﬁ end tin;ﬂe"

M\ ZL)

"l_‘e_st _stﬁrt t1m
P e FINE Jlllll‘llllm
Test sxte 32 Ey R R m;
ok i --T.‘: SHRAT >3 . Fre iy g h ‘- R2 L
L

Accrita  hiogr

COrTpAIA_[arvge

fartio 5/0

”Otup//aé

Vi rf/ff-a/m 5P «

S~

25 lychaete jarwe | G

NIV KPR
o

/“at/utcm andgs pevvehs s/ /¢

D,?Waﬂ(//fw/ﬁ C/’d{f//bf/hﬁ' 2

0

PEAS 24

Bear7ian cmlitns %

I
N
)

|
|
Dae | oho  Study persomnel | (cou Huii— (701 Ik
Certificate date b | Staydicstor | Vo Jfi1- izl it

i

* R: Replicate

Busan Technc—Pork

</A_ Morine Bo-ndushy Development Cenfer

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

204
Study number _ | Testoumber LeT 19 003
j\Test substance?' LoNnApw] W/?ﬁ)/ . BHIEREL L //
~ Organism 0> 101050 pm %5 50 pm birect 0 Dye ( )
Concentration | (219 Lpomt I:::f;‘.’,'i,;f:cf
_Test startt.me frest el-ld tun;:- _ ! _4 § O
L Testsite m  volime T clamficatlo:} =
HL-5ouby - | AL Polychﬂefﬁ b)m/ma | 4
| /7m%a/muﬁ f)ﬂ/’ﬁ“f Sefi L/ ? (2L
| pEchPorh 4 19 lgq
Bearitra hohe: b 4
pithona gimills. [4 9 /i
Cemttopages cp- | g | & | (o
| beartza’ ;%jﬂ ! il 1Y 7
Naupiras | 2 |
| Sithona_s5p. |/ b
l ks ' cragaitrs | 3
| | |
|
|
|

T oo o | Con (] Jady
Certificate date_ 0\0 W : Study dlrector [éJVVl !/f %] VJ@/KT W
S

* R: Replicate

Worksheet-Plankton—-003(1)

Busan Technc—Park

</A_ Marine Bo-ndustry Develooment Cenfer

~



20(A

Test Result Sheet - Classification (1I)

SET Y o203

- Study number

Test substance

Contw]| @oTer

/ i :,’I‘ést number

. ‘Lot.No.

—  ———

0>10to 50 um %SOPm

Method ..

: %irect

o Dye ( )

Concentration -

3=

* Receive time of
' test substance

Test start tim

Test site.

-~ Testend time -

HL~20 o8

R e

- Rem

24, G

7RALE / ., —evb
[ 4y e 7T

“Date . .-

e

0b. 22

s ek » =3
. e

- Study personnel -
o I e S e gt

Kin Hu7 -Jeend (i

Certificate date -

of,. 2

 Studydirector

(7@

* R: Replicate

Busan Techng —Park

Marine Bio-ndustry Cevelopment Center

o Vi~ /iy,
- )

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

Control wode

B \o2 101050 um 0> 50 um

EI{vodTATAM

CeT - 14— 00>

o Direct

\eDye ( EDA )

[ HL-Souuw- {mbL

e <
“Thalasibsstre sp. S 2
Navveda  sp. Y- 4 -
ActTnoptuychus sp, 3 {8 2
Slceletonema  sp. |10 3 2
Tucamdta  sp. \
Pvevecentyum  sp. 2 | >
Pavallo.  SP. \o
Cnagyocelos ¢sp. b
Sunltampia <P, ' }
Slcefetonemnn 5P, \o >
Drorocentrum Sp. S l o
Gy redTatum P, & 3 6
Thalaste S¢ivro. sPp. S 3| &
Un kenowwn >— \ |
Actsnopty chus  sp. s | > \
hf\)ow‘?ud-»ov $p. )

* R: Replicate

Busan Techno—Park
% erine Bio-indusiry Development Center

I SACECCTO TRRa

Sun ole Lee ]

Sun ok Lep 4S5ty

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

G edinTam 5P

prevecentvium sp.

SlkeleAonema  sp.

Thalasdern sp.

P\JL\APST@M«\ l 9‘7 .

Protoa

Clhaetocey0s  SP.

Actinopty cms <p.

6b. 22

ob 2L

* R: Replicate

Busan Yechno—Park
AL Marine Bio-industry Development Center

Sun =l Lee /é‘iwte

Sun <l (ee Gy _

Worksheet-Plankton—003(1)



4.5 Test 5 report and raw data

Test Report

Project name

EcoGuardian™

Test number

SET-14-003

Port

Gunsan(Korea)-Ballasting

Title

Efficacy test of EcoGuardian™ Ballast Water Management
System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK
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Test Report SET-14-003

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed
in accordance with protocol and standard operating procedures (SOP) of Busan Techno-
Park(BTP). The report was an accurate reflection of the raw data generated at the BTP.

Inspection of the routine and repeated procedures that constitute the study was carried out as a

continuous major phase at or about the time this study was in progress.

Test plan June 19, 2014 June 19, 2014 June 19, 2014

1 June 22, 2014 June 22,2014 June 22,2014
Sampling r
2" - - =
g June 22, 2014 June 22,2014 June 22,2014
Test substance
2nd - - "
IS[ o - -
Test procedures
(Bacteria test) ond 1 _ .
Observation and 1% June 22,2014 June 22, 2014 June 22, 2014

counting
(=504m, 10um-50umy | 2" . - ’

Observation and 1 - X ”
counting ,
(Bacteria test) 2" . - -
447,0 ) Hn»a’jz"‘ (s%ﬂﬁ 1ofh  Dec Lol

v

Seo, Hyo-Jin / Project director Date
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Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Busan Techno

Park in performing the test.

Name Date

Study Personnel kW Wi ~Teo “jj@ @}‘éé‘—’lfba |¢'Ha - Dec . 2ot 47/
Leg o «gmﬁ»%—. |2t Dec 201
7/

)
Lee M\’;oung\qee % |&+th  Dec >0l

(sign)

(sign)

Project director éw [ Hﬂw—}&\_ (Slgqﬁ ('Z,PL - Pec. . ?/Ol%
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1. Results

1.1 Loading record

Vessel name SSANG YONG CHANGYAHNG

IMO number 9121027
Sample Loading Discharge
Water ballast tanks WGT (Mt) (Date/Location) (Date/Location)

June 22", 2014
Control | No.3D/BW.B.T | P, S 1370 |Gunsan -
(35°58.61N, 126°37.10E)

No.4 D/BW.B.T

Treated |\ "c 5B W.B.T

P, S 650 - -

1.2 Water parameters

Table 1. Water parameters at field

Temp | Salinity DO Turbidity| TRO

Date |  SampleID PH (°C) | (PSU) | (mg/L) | (NTU) | (mgL)

HL-SO4UW-B | 807+000 | 21.95+0053303+001| 801+017 | 49+01 -

Day 0| HL-SMUW-M | 813+005 |2212+001|3315+006 534+000 | 59+06 -

HL-SOAUW-E | 819+001 |21.63+001|3322+001| 548+001 | 46+01 -

Data were presented as meantS.D of three repeated measurement.
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1.3 Influent water : Uptake water
1) > 50 pm organism
Table 2. The survival number of the organism larger than 50 pm
Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(pm)
Cirriped larvae 800 + 265 250 ~ 280
Acartia sp. 1,233 + 416 300~325
Nauplius 700 + 265 70 ~90
Oithona sp. 1,267 + 115 80 ~ 150
HL-SqUw-B | Arthropoda | Paracalanus parvuss. |. 1,333 + 153 220 ~ 240
Decapoda larvae 1,100 + 361 200 ~ 230
Centropages sp. 267 + 306 180 ~ 250
Acartia hongi 300 £ 520 170 ~ 210
Oithona similis 133 + 231 145 ~ 160
Annelida Polychaeta larvae 1,033 + 153 120 ~ 150
Oithona similis 667 + 208 145 ~ 160
Acartia hongi 400 £ 173 170 ~ 210
Cirriped larvae 400 = 200 250 ~ 280
Acartia sp. 967 + 208 300~325
Nauplius 200 + 200 70 ~90
HL-S04UW-m | Arthropoda Oithona sp. 1,033 * 306 80 ~ 150
Paracalanus parvus s. I. 1,267 + 306 220 ~ 240
Parvocalanus crassirostris 367 + 153 200 ~ 220
Decapoda larvae 1,167 + 208 200 ~ 230
Acartia sinjiensis 233+ 208 150 ~ 220
Annelida Polychaeta larvae 633 + 306 120 ~ 150
Paracalanus parvus s. I. 1,067 + 153 220 ~ 240
Decapoda larvae 733 + 153 200 ~ 230
Acartia hongi 367 + 321 170 ~ 210
Oithona similis 1,133 £ 252 145 ~ 160
Arthropoda Centropages sp. 800 £ 265 180 ~ 250
HL-SUWE Acartia sp. 933 + 569 150 ~ 220
Nauplius 100 + 100 70 ~90
Oithona sp. 233 + 153 80 ~ 150
Parvocalanus crassirostris 133 + 153 200 ~ 220
Annelida Polychaeta larvae 733 £ 153 120 ~ 150
Total 12 species 2 phyla/divisions 7,244 + 970 -
Influent condition:
Acceptability Acceptable -

(>10%ind./ m®)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.
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2) 10 pm - 50 pm organism

Table 3. The survival number of the organism between 10 to 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/mL | Dimension
(pm)
Thalassiosira sp. 2+3 10~30
Navicula sp. 31 10~25
Actinoptychus sp. 31 40~45
Chrysophyta Skeletonema sp. 6+4 10~12
HL-SAUW-B Eucampia sp. 01 10~30
Chaetoceros sp. 2+3 10~15
Gyrodinium sp. 61 10~20
Pyrrophyta Prorocentrum sp. 2+1 10~25
Paralia sp. 3%+6 20~22
Eucampia sp. 01 15~25
Skeletonema sp. 4+5 10~12
Chrysophyta Thalassiosira sp. 6+1 10~30
Actinoptychus sp. 32 40~45
HL-S0UW-M Navicula sp. 0+1 10~25
Prorocentrum sp. 11 10~25
Pyrrophyta Gyrodinium sp. 5+3 10~20
Unknwon 1+1 20~25
Skeletonema sp. 9+3 10~12
Thalassiosira sp. 3+2 10~30
Navicula sp. 1+1 10~25
Chrysoppel8 Pleurosigma sp. 1+1 13~20
HL-SO4UW-E Chaetoceros sp. 01 10~15
Actinoptychus sp. 01 40~45
Gyrodinium sp. 3z1 10~20
Ryt Prorocentrum sp. 2+2 10~25
Protozoa Protozoa 1+1 20~30
Total 12 species 3 phyla/divisions 24 + 3 -

Acceptability

Influent condition: Unacceptable
(>10%ind./mL)

Data were presented as mean+S.D of three repeated measurement.

Some species were rare, the standard deviation was high.
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1.4 Elimination efficacy

1) > 50 pm organism

Table 4. The survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals/m® Acceptability efficacy
(%)
HL-S04UW-B? 8,167 + 252 .
Uptake water : Influent condition:
P HL-S04UW-M"? 7,333 + 586 Acceptable -
(Day 0, Uw) (102 ind./m?)
HL-S04UW-E® 6,233 + 306 = '
2) 10 pm - 50 pm organism
Table 5. The survival number of the organism between 10 and 50 pm
Elimination
Test substance Sample ID individuals/mL Acceptability efficacy
(%)
HL-S04UW-B? 28 + 12 -
Uptake water . Influent condition:
P HL-S04UW-M"? 24+ 11 Unacceptable -
(Day Oy (102 ind./m?)
HL-S4UW-E® 21+8 = '

a) B: Beginning, b) M: Middle c¢) E: End
Data were presented as mean+S.D of three repeated measurement.
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2. Validity

2.1 Water parameters measurement

» All measurements were tested more than three times.

» Water parameters were analyzed as soon as possible after sampling.
2.2 Biological efficacy test

« Valid tests are indicated by uptake water, for both the control tank and ballast water to be

treated, with viable organism concentration exceeding 10 times the maximum permitted
values in Regulation D-2.1

SErmplE L (indizv?gul;?;/m% (i%]%il\l/rir:n]:g/lrlnnl]_)
HL-S4UW-B 8,167 + 252 28+ 12
HL-SOAUW-M 7,333 + 568 24+ 11
HL-SOAUW-E 6,233 + 306 2118

% Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension

 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time

Day 0 HL-S04UW-B,M, E June, 22 13:00 June, 22 18:00
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3. Conclusion
3.1 Unacceptable of Influent water and discharge control water condition for IMO
standards.
» Uptake water condition of organism between 10 um and 50 um was unacceptable for
IMO standards.

» Therefore, the test was invalid.
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4. Appendix

Appendix 1. Water parameters at field

1) Uptake water

owe | samperp | RO | g | T | Samiv | 0o | iy
R1 8.07 21.90 33.02 8.21 5.0

HL-S04UW-B | R2 8.07 21.98 33.04 7.91 4.9

R3 8.07 21.98 33.04 7.92 4.9

R1 8.07 22.11 33.12 5.34 6.3

Day0 | HL-SO4UW-M | R2 8.16 22.12 33.22 5.34 6.3
R3 8.16 22.12 33.12 5.34 5.2

R1 8.18 21.62 33.22 5.48 4.7

HL-SO4UW-E | R2 8.19 21.63 33.21 5.48 4.6

R3 8.19 21.63 33.22 5.49 4.6

a) R: Replicate

b) TOC: Total Organic Carbon (TOC=DOC+PQOC)

c) DOC: Dissolved Organic Carbon

d) TSS: Total Suspended Solids
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Appendix 2. The survival number of > 50#m organism in uptake water(Influent water)

Date Sa:gple Classification C\:/%TS#EQ R 1a)indivi(|1l;als/m3 "3 Mean @ SD"

Cirriped larvae 11 6 7 800 265

Acartia sp. 17 11 9 1,233 416

Nauplius 6 10 5 700 265

Oithona sp. 12 12 14 1,267 115

HL- | paracalanus parvus s. |. 13 12 15 1,333 153
S04UW 5SmL

B Decapoda larvae 8 15 10 1,100 361

Centropages sp. 0 6 2 267 306

Acartia hongi 0 0 9 300 520

Oithona similis 0 0 4 133 231

Polychaeta larvae 12 10 9 1,033 153

Oithona similis 9 6 5 667 208

Acartia hongi 5 5 2 400 173

Cirriped larvae 6 4 2 400 200

Acartia sp. 12 9 8 967 208

Day 0 - Nauplius 4 2 0 200 200

S04UW Oithona sp. 5> mL 7 11 13 1,033 306

e Paracalanus parvus s. I. 16 10 12 1,267 306

Parvocalanus crassirostris 2 4 ) 367 153

Decapoda larvae 10 14 11 1,167 208

Acartia sinjiensis 0 3 4 233 208

Polychaeta larvae 9 3 7 633 306

Paracalanus parvus s. I. 11 9 12 1,067 153

Decapoda larvae 6 7 9 733 153

Acartia hongi 5 0 6 367 321

Oihona similis 14 9 11 1,133 252

SO|_4|b-W Centropéges sp. & mL 9 5 10 800 265

E Acartia sp. 11 14 3 933 569

Nauplius 0 2 1 100 100

Oithona sp. 1 4 2 233 153

Parvocalanus crassirostris 1 3 0 133 153

Polychaeta larvae 7 6 9 733 153

a) R: Replicate, b) S.D: Standard deviation, Some species were rare, the standard deviation was high.
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Appendix 3. The survival number of 10u#m - 504m organism in uptake water (Influent

water)
Sa:r[])ple Classification C\:/%lﬂ‘:gg R1Y”» R2 R3 I\l/lnetllxldualsér.nDIT b)
Gyrodinium sp. 7 5 6 6 1
Thalassiosira sp. 5 2 0 2 3
Navicula sp. 4 4 2 3 1
Actinoptychus sp. 3 4 2 3 1
HL'S_?BA'UW Skeletonema sp. 1.0 mL 10 3 5 6 4
Eucampia sp. 1 0 0 0 1
Prorocentrum sp. 2 1 2 2 1
Paralia sp. 10 0 0 3 6
Chaetoceros sp. 0 0 6 2 3
Eucampia sp. 1 0 0 0 1
Skeletonema sp. 10 3 0 4 5
Prorocentrum sp. 5 1 2 3 2
HL-S04UW Gyrodinium sp. 8 3 6 6 3
Y - 1.0 mL
-M Thalassiosira sp. 5 7 7 6 1
Unknown 2 1 1 1 1
Actinoptychus sp. 5 2 1 3 2
Navicula sp. 0 0 1 0 1
Gyrodinium sp. 4 3 3 3 1
Prorocentrum sp. 4 0 2 2 2
Skeletonema sp. 12 7 8 9 3
Thalassiosira sp. 5 2 1 3 2
HL'S_(I)E4UW Navicula sp. 1.0 mL 2 1 1 1 1
Pleurosigma sp. 2 2 0 1 1
Protozoa 1 0 2 1 1
Chaetoceros sp. 0 0 1 0 1
Actinoptychus sp. 0 0 1 0 1

a) R: Replicate
b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 4. The microscope image of >504m in uptake water (Day0)

Uptake water (Day 0)
Cirriped larvae** Acartia sp. ** Nauplius**
Oithona sp. ** Paraclanus parvus s. |. ** Dcapoda larvae*
Centropages sp. ** Acartia hongi** Oithona similis**
Polychaeta larvae** Acartia sinjiensis** Parvocalanus crassirostri**

* Magnification : 50
** Magnification : 200
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Appendix 5. The microscope image of 10 #m—50 u4m in uptake water (Day0)

Specific
Name

Uptake water

Optical

Fluorescence

Thalassiosira
sp.

Navicula sp.

Actinoptychus
sp.

Skeletonema
sp.
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Eucampia sp.
Prorocentrum
sp.
Pralia sp.
Chaetoceros
sp.
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Gyrodinium sp.

Pleurosigma
sp.

Unknown

Protozoa

Magnification : 200
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5. Attachment
5.1 Sampling check & custody Sheet
5.2 Water parameter measurement sheet (1)

5.3 Test results sheet — Classification (1)

Page 14



Sampling check & custody Sheet

20 4
Study number Test number SeEl— 4+ —0073
Sampling time \D/Day 0 oDayl oDay2 oDay3 oDay4 oDay5 ooDay( )

Sample location

\gljptakewaterDDischaIgeoonnolwaterDDisdlaIgeueaIedwateruOﬂﬂ( )

a) Concentration b) Period

Sample Sampling time
Parameter ) ) e -
Con. Bottle Vol. (L) | P.” | Beginning | Middle End
TSS HDPE = =
DOC, POC HDPE 2
Bacteria (4 item) " HDPE 2 0215 St | woo | §:of
Organism (10~50 pm) HDPE ‘ o3
Organism (=50 pm) joco-05 | HDPE | 0
Sample location 0 Treated water 0 Treated water (Neutralized)
. ' Sample Sampling time
~ Parameter — . . :
i Con.” Bottle | Vol. (L) | P.” | Beginning| Middle End
Bacteria (4 item) © HDPE ol
Organism (10~50 pm) HDPE o2
Organism (=50 pm) HDPE o3
j el Concentration
Parameter Vol of concentrated before Equipment Mesh size
Organism (=50 pm) (L) net 32 pm
Organism (10-50 pm) (L) net 5 pm
- Sample storage information A
~ Parameter Location & condition Storage time
TSS .
Freezer(-20C)
DOC, POC
Bacteria (4 item) Refrigerator(4 C)
Remarks
* First, fill a 201 HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pm), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity
* Separately, organism(>50 um, 10-50 pm) sample was concentrated with net.
* Storage time of “bacteria sample” is for “heterotrophic bacteria test”
* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 4 mL HCI of 2 L sample)
Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :
A
Working date (a 22 Personnel LﬂQ 37 --Qu N (7@
3 22 ' e i
Confirmation date b. Confirmed by Leo. 7 -Sun Q :)

4

c) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Buson Techno--Pork

. /J'"" —_—

7 b Marine Bio-indusiry Development Center

Worksheet-Field-001-2(3)




Water parameter measurement sheet (1)

204
Study Number Test number SET - '} =00 D)
Sampling time %Dayo nDayl oDay2 oDay3 woDay4 oDay5 oDay( )
Equipment Ygl bo' 2.(y - PH, temp., salinity, DO, Turbidity - TRO
Sample Replicate |  pH Temp (°C) Sa(';;:;ty DO (mg/L) “(';l}igi)ty (:;g)
You c
DDi;:Ciak:;lg“:gnuolwm RI 8\00 Ll"”() 33,02 812! g(D
1 Discharge treated water R2 3 ‘Of) 24,9 32 NS N \‘1 | Lf [Ol /
01 Discharge treated . )
vatoNoamidvae) | F3 | 800 [ a8 Dok | 9 49 |/
Yo )oM( )oB( ) | Mesringtime | |3 % 0]
oAU . ' - :
Dngal:i;agmlm Rl dofl | Zzy\ B2 | b4 él% /
oDistaetetedvaer | R2 | 816 | 27,223,222 | 51 FF | 4.3 /
01 Discharge treated — =m—— .
water(Neutralized water) R3 ;/'.lé 12 J2- 1y | U 3% 18,2 /
OB WM( )oE( ) | Mesuigtime | 220 4L
'\ Uptake water o , } v
o Discharge control water - 2?‘ ’2 . \£2' 57 122 ‘5.45 L:fja /
Discharge treated water . ‘ ‘
e | R |90q 2y (B2 | S92 | Tia | [
wteiatvas) | B §) (g |2, 43]% 00 |Sq0 | T |/
0BOOMONK ) | Mesiigine | [ G 1 g ’
0 Uptake water R1
o Discharge control water
01 Discharge treated water R2
0 Discharge treated
water(Neutralized water) R3
aB( )oM( )oE( ) | Mesrmgtme
0 Uptake water R1
0 Discharge control water
0 Discharge treated water R2
0 Discharge treatex
water(Neutralized water) R3
0B( )oM( )oE( ) | Measrngtime
0 Discharge control water
0 Discharge treated water R2
o Discharge treated
water(Neutralized water) s
oB( )oM( )oE( ) | Mesungtme
Remarks
)
Working Date L. 22 Study Personnel | |ce g7 - <N Waﬁ‘
Confirming Date L) L Confirmed by L@@ Jr —Cy 'W f

A

Busan Techno—Park

Marine Bio-industry Development Center

Worksheet-analysis-001-3(3)



Test Result Sheet - Classification (11)

20 [+
Study numbel' SE7T - l¢ —cod
T t subst | Tl weter __—
eﬁ ‘:’.?,u“swal.lcfj (o ;z ,_,.——7"""‘
ism-.+ | 0>10to 50 pm > 50 ym | cWBirect a Dye ( )

. Concentration
G 2

Test's_t:h&_.ﬁnaé z
N M T o Cm .ni']-:l‘l“m‘
ensron

s

'I‘est sﬂe

— t-—“r‘ Al BT

BR 557 2% s m NSEL e A o Vo ARI &
P/L’éoﬂruw B | EmL rwfpec{m /é?rv’cﬂc*} ( by /)
9

Bartin 5p. N Ll

naupliug ! b (0 [

07thopa 4p. (v | | Y
\/Chﬂb”f&lf laria V- o 4

l Lec il ~
r/fl‘hﬂ/aj e Delelf] o Il \/)\ Jl {é)“ V
(

neEch Vo’ % e e |
cen mmmw 9h. b 2
ﬂmv:’fm /wm, I “

L

ﬁ(%;m(}z’a ,4'21?//‘5

e pb. 1 Kitn {u7 ~Jeend oy
Certificate date L kom Hia=0eeng W\I/b
v

* R: Replicate
Worksheet-Plankton—003(1)

Busan Techneo—Park

& '1_ Maring Bic-ndustry Development Center



Test Result Sheet - Classification (1)

20 (Y

Test number

GET— (L~

Study number

Tt sbias

sondrel Lzm"{?? 4

—Lot No

|

- —

o> 10to 50 um MZSOum

ELD'irect

5 ;.-,Method gt

o Dye ( )

- Organism |

Concentration - -

Recewe time of
test substance

.-,:-¢. L

7 ,Tesﬁ end tin;ﬂe"

M\ ZL)

"l_‘e_st _stﬁrt t1m
P e FINE Jlllll‘llllm
Test sxte 32 Ey R R m;
ok i --T.‘: SHRAT >3 . Fre iy g h ‘- R2 L
L

Accrita  hiogr

COrTpAIA_[arvge

fartio 5/0

”Otup//aé

Vi rf/ff-a/m 5P «

S~

25 lychaete jarwe | G

NIV KPR
o

/“at/utcm andgs pevvehs s/ /¢

D,?Waﬂ(//fw/ﬁ C/’d{f//bf/hﬁ' 2

0

PEAS 24

Bear7ian cmlitns %

I
N
)

|
|
Dae | oho  Study persomnel | (cou Huii— (701 Ik
Certificate date b | Staydicstor | Vo Jfi1- izl it

i

* R: Replicate

Busan Technc—Pork

</A_ Morine Bo-ndushy Development Cenfer

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

204
Study number _ | Testoumber LeT 19 003
j\Test substance?' LoNnApw] W/?ﬁ)/ . BHIEREL L //
~ Organism 0> 101050 pm %5 50 pm birect 0 Dye ( )
Concentration | (219 Lpomt I:::f;‘.’,'i,;f:cf
_Test startt.me frest el-ld tun;:- _ ! _4 § O
L Testsite m  volime T clamficatlo:} =
HL-5ouby - | AL Polychﬂefﬁ b)m/ma | 4
| /7m%a/muﬁ f)ﬂ/’ﬁ“f Sefi L/ ? (2L
| pEchPorh 4 19 lgq
Bearitra hohe: b 4
pithona gimills. [4 9 /i
Cemttopages cp- | g | & | (o
| beartza’ ;%jﬂ ! il 1Y 7
Naupiras | 2 |
| Sithona_s5p. |/ b
l ks ' cragaitrs | 3
| | |
|
|
|

T oo o | Con (] Jady
Certificate date_ 0\0 W : Study dlrector [éJVVl !/f %] VJ@/KT W
S

* R: Replicate

Worksheet-Plankton—-003(1)

Busan Technc—Park

</A_ Marine Bo-ndustry Develooment Cenfer

~



20(A

Test Result Sheet - Classification (1I)

SET Y o203

- Study number

Test substance

Contw]| @oTer

/ i :,’I‘ést number

. ‘Lot.No.

—  ———

0>10to 50 um %SOPm

Method ..

: %irect

o Dye ( )

Concentration -

3=

* Receive time of
' test substance

Test start tim

Test site.

-~ Testend time -

HL~20 o8

R e

- Rem

24, G

7RALE / ., —evb
[ 4y e 7T

“Date . .-

e

0b. 22

s ek » =3
. e

- Study personnel -
o I e S e gt

Kin Hu7 -Jeend (i

Certificate date -

of,. 2

 Studydirector

(7@

* R: Replicate

Busan Techng —Park

Marine Bio-ndustry Cevelopment Center

o Vi~ /iy,
- )

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

Control wode

B \o2 101050 um 0> 50 um

EI{vodTATAM

CeT - 14— 00>

o Direct

\eDye ( EDA )

[ HL-Souuw- {mbL

e <
“Thalasibsstre sp. S 2
Navveda  sp. Y- 4 -
ActTnoptuychus sp, 3 {8 2
Slceletonema  sp. |10 3 2
Tucamdta  sp. \
Pvevecentyum  sp. 2 | >
Pavallo.  SP. \o
Cnagyocelos ¢sp. b
Sunltampia <P, ' }
Slcefetonemnn 5P, \o >
Drorocentrum Sp. S l o
Gy redTatum P, & 3 6
Thalaste S¢ivro. sPp. S 3| &
Un kenowwn >— \ |
Actsnopty chus  sp. s | > \
hf\)ow‘?ud-»ov $p. )

* R: Replicate

Busan Techno—Park
% erine Bio-indusiry Development Center

I SACECCTO TRRa

Sun ole Lee ]

Sun ok Lep 4S5ty

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (II)

G edinTam 5P

prevecentvium sp.

SlkeleAonema  sp.

Thalasdern sp.

P\JL\APST@M«\ l 9‘7 .

Protoa

Clhaetocey0s  SP.

Actinopty cms <p.

6b. 22

ob 2L

* R: Replicate

Busan Yechno—Park
AL Marine Bio-industry Development Center

Sun =l Lee /é‘iwte

Sun <l (ee Gy _

Worksheet-Plankton—003(1)



4.5 Test 5 report and raw data

Test Report

Project name EcoGuardian™

Test number SET-14-004

Tolo (Hong Kong)-Ballasting

Port Tolo (Hong Kong)-Deballasting

Efficacy test of EcoGuardian™ Ballast Water Management

Title System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK


bwt14
텍스트 상자   
4.5 Test 5 report and raw data


Test Report

SET-14-004

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed

in accordance with protocol and standard operating procedures (SOP) of Busan Techno-Park

(BTP). The report was an accurate reflection of the raw data generated at the BTP. Inspection

of the routine and repeated procedures that constitute the study was carried out as a continuous

major phase at or about the time this study was in progress.

18" July, 2014

Test plan 18™ July, 2014 18™ July, 2014
1 21 July, 2014 21% July, 2014 21% July, 2014
Sampling v
ond 23" July, 2014 23" July, 2014 23™ July, 2014
1 21% July, 2014 21% July, 2014 21% July, 2014
Test substance : =
2m 23" July, 2014 23" July, 2014 23" July, 2014
Test priiiis 1 21* July, 2014 21% July, 2014 21% July, 2014
(Bacteria test) o 239 July, 2014 23 July, 2014 23" July, 2014
Observation and 1 21% July, 2014 21% July, 2014 21% July, 2014
counting =
(=504m, 10pm-50um)y | 2" 23" July, 2014 23" July, 2014 23" July, 2014
Observation and 1 22"24" July, 2014 | 22%~24" July, 2014 | 22"4-24" July, 2014
gounting 23 July~25™ Jul 23" July~25" Jul 23" July~25" Jul
: nd uly uly, uly uly, uly uly,
(Bacteria tegt) i 2014 2014 2014

sty ]

Seo, Hyu-Jin / Project director

[2{{"‘ Petf %“‘f

Date
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Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Busan Techno

Park in performing the test.

Name Date

Study personnel kW Hui "I@'N?{? (ZM’L" [f)j’h Pec .Q/O’Lf

L(’& I - Sun 5)%7 ‘Zﬂ) ' le 7/0/L/L

L4

Lee Sun ol /\%{‘L [LHA . Dec . DA’I’-F

n)
Lee Myounahee % 12 +h Do >=lY
%‘”J_ Hyup; L[Tiq ﬁ&) B —EI/, l)éC . 0/ 4—(—
(,_ee L@e}:; ju. ;ﬁj@) T Da . Moltf

(sign)

Project director Q@O . \’l‘an’j%\ @y){/ {Z‘('L' . ol L{/
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1. Results

1.1 Loading record

Vessel name SSANG YONG CHANGYAHNG
IMO number 9121027
Sample Loading Discharge
e WGT (Mt) (Date/Location) (Date/Location)
21° July, 2014 23" July, 2014
Control | No.3D/BW.B.T | P, S 1370 |Tolo Tolo
(22°2661N,114°1451F)  |(22°2661N, 114°14.51F)
st rd
No.4 D/B WEB.T 217 July, 2014 237 July, 2014
Treated No5 D/B WB.T P,S 650 Tolo Tolo
' o (22°2661N,114°1451F)  |(22°2661N, 114°14.51F)

Page 1
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1.2 Water parameters

Table 1. Water parameters at field

Date Sample ID oH Timp Salinity DO Turbidity| TRO
(°C) (PSU) | (mg/L) | (NTU) | (mgl)
HL-SOSUW-B 8.38+0.16 | 2047004 | 29.73+t003 | 564+019 | 75+01 -
Ds Y HL-SOSUW-M 851+001 | 2947+013 | 29.84+006 | 594+054 | 7.7+02 -
HL-SOSUW-E 852+001 | 2044+004 | 29.86+001 | 561+010 | 74+03 -
HL-S05CD2-B | 827/+008 | 3043+0.20 | 30.35+081 | 253+126 | 66+15 -
HL-S05CD2-M | 826+0.11 | 30.22+006 | 29.66+007 | 3.36+040 | 7.7+09 -
HL-S05CD2-E | 830+007 | 30.30+0.05 | 2956+022 | 292+153 | 69+0.2 -
HL-S05TD2-B-1 | 827000 | 302000 | 2058+0.00 | 2274004 | 7.3+15 | 0.04+002
HL-SO5TD2-B-2 | 840+0.00 | 30.06+0.03 | 29.69+001 | 315+000 | 6.1+0.1 -
Day | HL-SO5TD2-B-3 | 840+000 | 30.02+001 | 29.71+001 | 349+004 | 50+03 -

2 |HL-S05TD2-M-1| 843:000 | 3003001 | 2976+003 | 364t007 | 65:01 | 005:003
HL-S05TD2-M-2 | 842+000 | 30.04+001 | 2966+003 | 385t049 | 49+01 -
HL-S05TD2-M-3| 843+000 | 30.08+001 | 2959+000 | 373t025 | 6.710.2 -
HL-S05TD2-E-1 | 843t000 | 30.12+001 | 29.73t004 | 341+001 | 48+00 | 006+002
HL-S05TD2-E-2 | 843+t000 | 3006003 | 2969+002 | 336001 | 56+0.0 -
HL-SO05TD2-E-3 | 843+t000 | 30.12+001 | 29.75+004 | 334005 | 57401 -

Data were presented as meantS.D of three repeated measurement.
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Table 2. Results of DOC, POC, TSS
Dat Samole D TOC? DOC? POC? TSS?
ate Pe (mg/L) (mg/L) (mg/L) (mg/L)
HL-SO5UW-B 3.200+0.085 1.793+0.033 1.793 2.4+04
Dg y HL-SO5UW-M 3.241+0.126 1.726+0.124 1.726 2.4102
HL-SO5UW-E 2.948+0179 1.759+0.110 1.759 3.0+0.2

Data were presented as mean+S.D of three repeated measurement.
a) TOC: Total Organic Carbon

b) DOC: Dissolved Organic Carbon

c) POC: Particulate Organic Carbon (POC=TOC-DOC)

d) TSS: Total Suspended Solids
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1.3 Influent water : Uptake water

1) > 50 pm organism

Table 3. The survival number of the organism larger than 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(pm)
Parvocalanus sp. 2,167 + 629 300~350
Oithona spp. 7,417 + 764 200~250
Acartia sp. 1,583 + 946 350~450
Arthropoda Paracalanus sp. 83+ 144 500~550
HL-S05UW-B Harpacticoida sp. 500 + 500 125~175
Evadne tergestina 167 + 289 550~700
Nauplius 500 = 250 175~225
Annelida Polychaeta larvae 333+ 382 300~375
Mollusca Bivalve larvae 1,833+ 878 400~450
Parvocalanus sp. 8,000 + 433 300~350
Oithona spp. 10,000 + 1,090 200~250
Acartia sp. 917 + 382 350~450
Aliepoda Harpacticoida sp. 250+ 0 125~175
HL-S05UW-M Evadne tergestina 83 + 144 550~700
Nauplius 167 + 144 175~225
Annelida Polychaeta larvae 333+ 144 300~375
Bivalve larvae 1,417 + 144 400~450
Mollusca
Gastropod larvae 167 + 144 500~650
Parvocalanus sp. 1,167 + 382 300~350
Oithona spp. 18,417 + 289 200~250
Arthropoda Acartia sp. 1,000 + 500 350~450
Harpacticoida sp. 333+ 289 125~175
RSO = Evadne tergestina 2,417 + 1,155 550~700
Annelida Polychaeta larvae 667 + 289 300~375
Mollusca Bivalve larvae 2,583 + 722 400~450
Gastropod larvae 417 + 144 500~650
Total 10 species 3 phyla/divisions 20,972 + 6,216 -

Acceptability

Influent condition:
Acceptable
(>10% ind./ m®)

Data were presented as mean+S.D of three repeated measurement.

Some species were rare, the standard deviation was high.

Page 4



Test Report

SET-14-004

2) 10 pm - 50 pm organism

Table 4. The survival number of the organism between 10 to 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/mL Dimension
(pm)
Guinardia sp. 53+ 6 11~15
Leptocylindrus sp. 43+ 3 10~15
Chaetoceros sp. 41+ 8 10~35
Chrysophyta Dictyocha sp. 11+ 2 15~18
Skeletonema sp. 2+ 3 10~20
HL-S0SUW-8 Rhizosolenia sp. 1+2 12~20
Gyrodinium sp. 5+3 10~15
Pyrrophyta Ceratium sp. 32 15~40
Gymnodinium sp. 32 15~40
Unknown 1+2 20~30
Chaetoceros sp. 44 + 12 10~35
Guinardia sp. 57+ 3 11~15
Chrysophyta Dictyocha sp. 7+3 15~18
Leptocylindrus sp. 33+ 10 10~15
HL-SOSUW-M Rhizosolenia sp. 1 sl 10~20
Ceratium sp. 3+3 15~40
Pyrrophyta Gymnodinium sp. 3+3 15~40
Gyrodinium sp. 212 10~13
Unknown 4+2 20~30
Leptocylindrus sp. 31+1 10~15
Guinardia sp. 54+ 7 11~15
Chrysophyta Chaetoceros sp. 28+ 14 10~35
Rhizosolenia sp. 5+1 10~20
HL-SO5UW-E Dictyocha sp. 5+3 15~18
Gymnodinium sp. 3+3 15~40
Pyrrophyta Gyrodinium sp. 2+ 0 10~15
Ceratium sp. 3+3 15~40
Unknown 4+0 20~30
Total 10 species 2 phyla/divisions 152 + 15 -

Acceptability

Influent condition: Acceptable
(>10° ind./mL)

Data were presented as mean+S.D of three repeated measurement.

Some species were rare, the standard deviation was high.
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1.4 Elimination efficacy

1) > 50 pm organism

Table 5. The survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals/m® Acceptability efficacy
(%)
HL-S08UW-8° 14,583 £ 1,909 Influent condition:
Uptakewater |y ooapym® | 21,333 + 1,443 Acceptable i
(Day 0, Uw) (=107 ind./m®)
HL-S0BUW-E® 27,000 + 500 -
Discharged HL-S03CD2-B 11875+ 438 Effluent condition:
control water HL-S03CD2-M 10,583 £ 402 Acm_aptable3 -
(Day2,C2) | .s03cD2-E | 12,792+ 764 SR
HL-S03TD2-B-1 N.D ©
HL-S03TD2-B-2 N.D
HL-S03TD2-B-3 N.D
. HL-S03TD2-M-1 N.D .
Discharged Effluent condition:
treated water | HL-S03TD2-M-2 N.D Acceptable3 100.09
<10 ind./
(Bay2,T2) '} '503TD2-M-3 N.D (<10 ind/m")
HL-S03TD2-E-1 N.D
HL-S03TD2-E-2 N.D
HL-S03TD2-E-3 N.D

a) B: beginning, b) M: Middle c) E: End, d) Calculation = (Uw-T2)/Uw*100, €) N.D : Not Detected
Data were presented as mean+S.D of three repeated measurement.
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2) 10 pm - 50 pm organism

Table 6. The survival number of the organism between 10 and 50 pm

Elimination
Test substance Sample ID individuals/mL Acceptability efficacy
(%)
R Ra
Uptake water HL-S05UW-B 164+ 13 Influent condition:
P HL-S05UW-M"? 155 + 12 Acceptable -
(Day 0, Uw) >102 ind /mL
HL-S0SUW-E 135+ 5 (210" ind./mL)
Discharged HL-S05CD2-B 34x4 Effluent condition:
control water HL-S05CD2-M 312 Acceptable -
(Day 2, C2) HL-SO5CD2-E 29+ 4 (>10 ind./mL)
HL-SO5TD2-B-1 <1
HL-S05TD2-B-2 <1
HL-SO05TD2-B-3 <1
- -M- €)
Discharged HL-SQQIEe¥I*1 NS Effluent condition:
treated water | HL-SO5TD2-M-2 N.D Acceptable 99.99
(Day 2, T2) HL-SO5TD2-M-3 N.D (<10 ind./mL)
HL-SO5TD2-E-1 <1
HL-S05TD2-E-2 N.D
HL-S05TD2-E-3 N.D

a) B: Beginning, b) M: Middle c) E: End, d) Calculation = (Uw-T2)/Uw*100, e) N.D : Not Detected
Data were presented as meantS.D of three repeated measurement.
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3) Heterotrophic bacteria

Table 7. The survival number of heterotrophic bacteria

Elimination
Test substance Sample ID CFU/ mL Acceptability efficacy
(%)
HL-S05UW-B? 67+ 14
Uptake water i D) i i
(Day 0, Uw) HL-S05UW-M 25+ 0
HL-SOSUW-E© N.D ®
_ _ D)
Discharged HL-S05CD2-B TNTC
control water HL-S05CD2-M TNTC - -
(Day2,C2) |y soscD2-E TNTC
HL-S05TD2-B-1 78 + 4
HL-S05TD2-B-2 50+ 1
HL-S05TD2-B-3 69 +7
- -M- +
Discharged HL-S05TD2-M-1 40 + 4
treated water | HL-S05TD2-M-2 44 + 3 - 0.09
(Day2,T2) |} s05TD2-M-3 60 + 2
HL-S05TD2-E-1 37+10
HL-S05TD2-E-2 66+ 5
HL-S05TD2-E-3 83+5

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T2)/Uw*100, €) N.D : Not Detected
f) TNTC : Too Numerous To Count

Data were presented as mean+S.D of three repeated measurement.
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4) Escherichia coli

Table 8. The survival number of Escherichia coli

Elimination
Test substance Sample ID CFU/100mL Acceptability efficacy
(%)
HL-S05UW-B? 128 + 39
Uptake water i b ) )
(Day 0, Uw) HL-SO5UW-M 145 + 10
HL-S05UW-E 9 84 + 24
Discharged HL-S05CD2-B 4+2
control water HL-S05CD2-M 10+ 3 - -
(Day 2, C2) HL-S05CD2-E 39+3
HL-S05TD2-B-1 5+5
HL-S05TD2-B-2 1+1
HL-S05TD2-B-3 N.D?
Discharged HL-S0ee2™M-1 - Effluent condition:
treated water HL-S05TD2-M-2 N.D Acceptable 99.19
(Day 2, T2) HL-S05TD2-M-3 N.D (<250 CFU/ 100 mL)
HL-SO05TD2-E-1 2+1
HL-S05TD2-E-2 N.D
HL-S05TD2-E-3 N.D

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T2)/Uw*100, €) N.D : Not Detected
Data were presented as meantS.D of three repeated measurement.
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5) Intestinal enterococci

Table 9. The survival number of intestinal enterococci

Elimination
Test substance Sample ID CFU/100mL Acceptability efficacy
(%)
HL-S05UW-B? N.D ©
Uptake water i D) i i
(Day 0, Uw) HL-S05UW-M N.D
HL-S05UW-E? N.D
Discharged HL-S05CD2-B 0+1
control water HL-S05CD2-M N.D - -
(Day2,C2) [y _so5cD2-E N.D
HL-S05TD2-B-1 N.D
HL-S05TD2-B-2 N.D
HL-S05TD2-B-3 N.D
Discharged HL_SEoe?-ivi-1 il Effluent condition:
treated water | HL-S05TD2-M-2 N.D Acceptable N. DY
(Day 2, T2) HL-S05TD2-M-3 ND (<100 CFU/ 100 mL)
HL-SO05TD2-E-1 N.D
HL-S05TD2-E-2 N.D
HL-S05TD2-E-3 N.D

a) B: Beginning, b) M: Middle, c) E: End, d) N.D: Not detected, €) N.D : Not Detected
Data were presented as mean+S.D of three repeated measurement.
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6) Vibrio cholera O1, 0139

Table 10. The survival number of Vibrio cholera O1, O139

Elimination
Test substance Sample ID CFU/100mL Acceptability efficacy
(%)
HL-S05UW-B? N.D
Uptake water ) b i i
(Day 0, UW) HL-SO5UW-M N. D
HL-SOSUW-E® N.D
Discharged HL-S05CD2-B N. D
control water HL-S05CD2-M N. D - -
(Day 2, C2) HL-S05CD2-E N. D
HL-S05TD2-B-1 N. D
HL-S05TD2-B-2 N. D
HL-S05TD2-B-3 N. D
Discharged HL-SeaIRe ™M™ N8 Effluent condition:
treated water | HL-SO5TD2-M-2 N. D Acceptable N. D%
(Day2,T2) | so5TD2-M-3 N.D (SHEFC/ 100 mL )
HL-SO05TD2-E-1 N.D
HL-S05TD2-E-2 N. D
HL-S05TD2-E-3 N. D

a) B: Beginning, b) M: Middle c¢) E: End, d) N.D: Not detected
Data were presented as meantS.D of three repeated measurement.

Page 11



Test Report SET-14-004

2. Validity

2.1 Water parameters measurement

* All measurements were tested more than three times.
» Water parameters were analyzed as soon as possible after sampling.

2.2 Biological efficacy test

» Valid tests are indicated by uptake water, for both the control tank and ballast water to
be treated, with viable organism concentration exceeding 10 times the maximum

permitted values in Regulation D-2.1

SErmplE L (indizv?gul;?;/m% (i%]%il\l/rir:jl]:g/ﬂrl]_)
HL-S03UW-B 14,583 + 1,909 164 + 13
HL-S03UW-M 21,333 + 1,443 155+ 12
HL-S03UW-E 27,000 £ 500 135+5

« Valid test is indicated by control tank viable organism concentration exceeding the

values of Regulation D-2.1 on discharge.

SEEAB (D (indizv?é)ul;?;/mS) (i%l(()jil\l/rirt]jl;:g/lrlnrt)
HL-S03CD2-B 11,875 + 433 34+4
HL-S03CD2-M 10,583 + 402 31+2
HL-S03CD2-E 12,792 + 764 29+ 4

% Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension

Page 12



Test Report

SET-14-004

 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time
HL-S05UW-B July, 21" 14:54 16:15
Day 0 HL-S0SUW-M July, 21" 15:58 17:30
HL-SO5UW-E July, 21" 17:05 18:40
HL-S05CD2-B July, 23 14:18 15:29
HL-S05CD2-M July, 23 15:25 16:09
HL-S05CD2-E July, 23 16:29 17:10
Day 2
HL-S05TD2-B-1, 2, 3 July, 23 17:50 18:55
HL-S05TD2-M-1, 2, 3 July, 23 19:01 20:00
HL-S05TD2-E-1, 2, 3 July, 23" 20:01 21:08
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3. Conclusion

3.1 Biological efficacy in treated ballast seawater by EcoGuardian™ BWMS

* Treated ballast seawater by EcoGuardian™™ system was capable of eliminating organism

larger than 50 um with an efficiency of 100.0%.

 Treated ballast seawater water by EcoGuardian'™ BWMS was capable of eliminating

organism between 10 and 50 um with an efficiency of 99.9 %.

» Treated ballast seawater by EcoGuardian™ system was capable of eliminating

heterotrophic bacteria with an efficiency of 0.0%.

» Treated ballast seawater by EcoGuardian™ system was capable of eliminating

Escherichia coli with an efficiency of 99.1 %.

« Intestinal enterococci was not detected.

« Vibrio cholera O1, 0139 were not detected.
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4. Appendix
Appendix 1. Water parameters at field
1) Uptake water

Temp | Salinity| DO [Turbidity TOC? | DOC® | TSS?

Date | Sample ID | R® | pH C) | (PSU) | (mg/L) | (NTU) | (mg/L) | (mg/L) | (mg/L)

R1 | 819 | 2949 | 29.74 | 5.70 7.5 3.224 | 1.788 2.6
HL-SO5UW-

B R2 | 848 | 29.42 | 29.75 | 5.79 7.6 3.175 | 1.762 2.6

R3 | 846 | 29.49 | 29.70 | 542 7.4 3.058 | 1.827 2.0

R1 | 851 | 29.39 | 29.93 | 6.56 7.7 3.125 | 1.597 2.4

Day0 | HL-SOSUW=1 oo | 951 | 2041 | 2083 | 570 | 7.8 | 3224 1735 | 22

M
R3 | 852 | 29.62 | 29.84 | 557 7.5 3.375 | 1.845 2.6
R1 | 852 | 29.41 | 29.85 | 5.73 7.3 3.114 | 1.692 3.2
HL-S?ESUW- R2 | 852 | 29.48 | 29.86 | 5.54 7.7 2972 | 1.698 3.0

R3 | 853 | 29.43 | 29.86 | 5.57 7.2 2.758 | 1.885 2.8

a) R: Replicate

b) TOC: Total Organic Carbon (TOC=DOC+PQOC)
c) DOC: Dissolved Organic Carbon

d) TSS: Total Suspended Solids
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2) Discharged control water and discharged treated water

Tem Salinit DO Turbidit TRO

Date | SampleID | R? pH (oc)p (PSU)y (ma/L) (NTU)y o)
R1 8.21 30.59 30.12 3.26 5.7 -

HL-S05CD2-B | R2 8.25 30.50 31.25 3.26 5.8 -
R3 8.36 30.21 29.67 1.08 8.3 -

R1 8.14 30.29 29.58 3.77 8.3 -

HL-S05CD2-M | R2 8.30 30.20 29.71 3.34 8.2 -
R3 8.35 30.18 29.70 2.98 6.7 -

R1 8.22 30.35 29.30 3.79 7.1 -

HL-SO05CD2-E | R2 8.33 30.27 29.67 3.82 6.8 -
R3 8.36 30.27 29.70 1.15 6.7 -

R1 8.27 30.20 29.58 2.22 9.0 0.05

HL-S05TD2-B-1 | R2 8.27 30.20 29.58 2.28 6.3 0.02
R3 8.27 30.20 29.58 2.30 6.5 0.05

R1 8.40 30.02 29.68 3.15 6.2 -

HL-S05TD2-B-2 | R2 8.40 30.08 29.69 3.15 6.0 -
R3 8.40 30.08 29.69 3.15 6.2 -

R1 8.40 30.01 29.71 3.45 5.3 -

HL-S05TD2-B-3 | R2 8.40 30.01 29.71 3.51 4.9 -
Day? R3 8.40 30.03 29.72 3.52 4.8 -
R1 8.43 30.02 29.73 3.60 6.5 0.07
HL-S05TD2-M-1| R2 8.43 30.03 29.78 3.60 6.5 0.05
R3 8.43 30.03 29.78 3.72 6.6 0.02

R1 8.42 30.05 29.64 4.38 4.8 -
HL-S05TD2-M-2 | R2 8.42 30.05 29.65 3.41 4.9 -
R3 8.42 30.03 29.70 3.75 4.9 -

R1 8.43 30.08 29.59 3.44 6.8 -
HL-S05TD2-M-3| R2 8.43 30.08 29.59 3.82 6.7 -
R3 8.43 30.09 29.59 3.92 6.5 -

R1 8.43 30.12 29.71 3.40 4.8 0.04

HL-S05TD2-E-1 | R2 8.43 30.12 29.78 3.42 4.8 0.05
R3 8.43 30.11 29.70 3.41 4.8 0.08

R1 8.43 30.09 29.68 3.36 5.6 -

HL-S05TD2-E-2 | R2 8.43 30.04 29.68 3.36 5.6 -
R3 8.43 30.05 29.72 3.37 5.6 -

R1 8.43 30.11 20.71 3.33 5.8 -

HL-SO05TD2-E-3 | R2 8.43 30.13 29.77 3.29 5.7 -
R3 8.43 30.12 29.78 3.39 5.7 -

Page 16



Test Report

SET-14-004

Appendix 2. The survival number of > 50#m organism in uptake water(Influent water)

PR 3
SaPIe | Classification | UMY R1d R2 R3 ndividuals/m

Mean s.D"

Parvocalanus sp. 11 9 6 2,167 629

Oithona spp. 29 33 27 7,417 764

Acartia sp. 9 2 8 1,583 946

Paracalanus sp. 1 0 0 83 144

SO?UIKI-V-B Harpacticoida sp. 1mL 4 2 0 500 500

Evadne tergestina 2 0 0 167 289

Nauplius 2 3 1 500 250

Polychaeta larvae 3 0 1 333 382

Bivalve larvae 4 11 7 1,833 878

Parvocalanus sp. 33 33 30 8,000 433
Oithona spp. 45 38 37 10,000 1,090

Acartia sp. 4 2 5 917 382

Harpacticoida sp. 1 1 1 250 0

SOSTJI;/;/-M Evadne tergestina | 1 mL 1 0 0 83 144

Nauplius 1 0 1 167 144

Polychaeta larvae 1 2 1 333 144

Bivalve larvae 5 6 6 1,417 144

Gastropod larvae 1 0 1 167 144

Parvocalanus sp. 5 3 6 1,167 382

Oithona spp. 75 73 73 18,417 289

Acartia sp. 4 6 2 1,000 500

HL- Harpacticoida sp. Ll 2 0 333 289
SOSUW-E | Evadne tergestina 7 15 2,417 1,155

Polychaeta larvae 2 2 4 667 289

Bivalve larvae 12 7 12 2,583 722

Gastropod larvae 1 2 2 417 144

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 3. The survival number of > 504n organism in discharged control water

PR 3
SamPle | Classification Conng | RiY R2 R3 ndividuals/m
Mean s.D"

Parvocalanus sp. 56 50 56 6,750 433

Oithona spp. 29 35 31 3,958 382

Acartia sp. 1 3 0 167 191

HL- Paracalanus sp. > mL 1 0 2 125 125
S05CD2-B |  Cirriped larvae 2 7 3 500 331
Polychaeta larvae 0 2 0 83 144

Bivalve larvae 2 0 3 208 191
Gastropod larvae 0 0 2 83 144
Parvocalanus sp. 57 52 50 6,625 451

Oithona spp. 21 16 21 2,417 361
Acartia sp. 4 1 5 417 260

HL- Paracalanus sp. il 1 0 1 83 72
S05CD2-M | Cirriped larvae 1 1 3 208 144
Polychaeta larvae 0 1 1 83 72
Bivalve larvae 1 7 4 500 375
Gastropod larvae 1 3 2 250 125
Parvocalanus sp. 55 52 52 6,625 217

Oithona spp. 22 20 19 2,542 191

Acartia sp. 20 17 22 2,458 315

Paracalanus sp. 1 0 0 42 72

Harpacticoida sp. 0 0 2 83 144

805|_C|:IE)-2-E Cirriped larvae 2mL 2 3 1 250 125
Nauplius 0 2 0 83 144

Penilia avirostris 0 1 1 83 72

Polychaeta larvae 1 2 2 208 72

Bivalve larvae 2 0 0 83 144

Gastropod larvae 6 0 2 333 382

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 4. The survival number of > 504m organism in discharged treated ballast water
by treatment of EcoGuardian™ system

Counting

individuals/m?®
volume

Sample ID Classification

HL-S05TD2-B1 - -
HL-S05TD2-B2 - 250 mL -
HL-S05TD2-B3 - -

HL-S05TD2-M1 - -
HL-S05TD2-M2 - 250 mL -
HL-S05TD2-M3 - -

HL-S05TD2-E1 - -
HL-S05TD2-E2 - 250 mL -
HL-S05TD2-E3 - -

a) R: Replicate
b) S.D: Standard deviation
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Appendix 5. The survival number of 10#m - 50#m organism in uptake water(Influent

water)
SamPIe | Classification | CMMM9 R1d R2  R3 deVIduaIS/me
Mean s.D”
Guinardia sp. 30 25 24 53 6
Leptocylindrus sp. 21 23 20 43 3
Gyrodinium sp. 4 1 3 5 3
Chaetoceros sp. 19 25 17 41 8
HL-S05UW Dictycha sp. 5 7 5 11 2
. 0.5mL
-B Ceratium sp. 1 1 3 3 2
Skeletonema sp. 3 0 0 2 3
Gymnodinium sp. 1 1 3 3 2
Rhizosolenia sp. 2 0 0 1 2
Unknown 2 0 0 1 2
Chaetoceros sp. 25 26 15 44 12
Guinardia sp. 30 27 29 57 3
Dictycha sp. 5 3 2 7 3
Leptocylindrus sp. 11 21 18 33 10
ALSSUW Ceratumsp. | osmL | 2 3 0 3 3
Rhizosolenia sp. 1 0 1 1 1
Gymnodinium sp. 2 0 3 3 3
Unknown 3 2 1 4 2
Gyrodinium sp. 0 1 2 2 2
Leptocylindrus sp. 16 16 15 31 1
Guinardia sp. 28 30 23 54 7
Chaetoceros sp. 9 11 22 28 14
Gymnodinium sp. 2 3 0 3 3
HL'S_CI)ESUW Gyrodinium sp. 0.5 mL 1 1 1 2 0
Unknown 2 2 2 4 0
Ceratium sp. 3 0 1 3 3
Rhizosolenia sp. 3 2 2 5 1
Dictycha sp. 1 3 4 5 3

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 6. The survival number of 104m - 504m organism in discharged control water

Sa:rl;ple Classification %%TS#;Q R1® R2 R3 individuals/ml- 5
Mean S.D
Guinardia sp. 12 6 8 17 6
Gyrodinium sp. 1 1 0 1 1
HL- Unidentified ciliate 1 2 5 5 4
SOSEDZ_ Dictyocha sp. 0.5 ml 1 3 4 5 3
Ceratium sp. 0 1 0 1 1
Chaetoceros sp. 0 6 0 4 7
Unidentified ciliate 4 3 3 7 1
Guinardia sp. 4 3 6 9 3
HL - Rhizosolenia sp. 1 0 1 1 1
S05CD2- Chaetoceros sp. 0.5mL 4 3 5 8 2
M Prorocentrum sp. 1 0 0 1 1
Dictyocha sp. 2 1 1 3 1
Leptocylindrus sp. 0 4 0 ) 5
Guinardia sp. 6 3 5 9 3
Rhizosolenia sp. i 0 1 1 1
HL- Chaetoceros sp. 1 3 2 4 2
SO5CE:D2' Dictyocha sp. 0.5 mL 2 1 1 3 1
Unidentified ciliate 4 4 3 7 1
Gyrodinium sp. 2 1 0 2 2
Leptocylindrus sp. 0 3 0 2 3

a) R: Replicate
b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 7. The survival number of 10um - 504m organism in discharged treated ballast

seawater by treatment of EcoGuardian"™ system

L i individuals/mL
Sample ID  Classification Concentrr%l COlIJntmg R1% R2 R3
ionfactor”| - volume Mean | S.DY
HL- ...
sosTD2- |  Unidentified 3 2 1 0.2 0.1
ciliate
B-1
HL- Unknown 0 0 1 0.0 0.1
S05TD2- - X20 | 05mL
B2 Unidentified 1 0 0 0.0 01
ciliate
HL- o
SosTD2-|  Umdentified o o 1 0.0 0.1
ciliate
B-3
HL-
SO5TD2- ; 0 0 0 0.0 0.0
M-1
HL-
SO5TD2- ; X20 | 05mL | 0O 0 0 0.0 0.0
M-2
HL-
SO5TD2- ; 0 0 0 0.0 0.0
M-3
HL- »
s05TD2- |  Unidentified 1 0 0 0.0 01
ciliate
E-1
HL- S
s05TD2-|  Unidentified X20 | 05mL | 0 0 0 0.0 0.0
ciliate
E-2
HL- T
s05TD2-|  Unidentified 0 0 1 0.0 01
E-3 ciliate

a) R: Replicate

b) S.D: Standard deviation

c) Concentration factor: Treated water was concentration 10 L to 500 mL by 5 um net.
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Appendix 8. The number of heterotrophic bacteria in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date | Sample ID ng‘cjtt(')‘)r“ R1? R2 R3 cruim S
Mean S.D
HL-S05UW-B 2 3 3 67 14
Day 0 | HL-SOSUW-M | x25 1 1 1 25 0
HL-S05UW-E 0 0 0 0 0
HL-S05CD2-B ~ | TNTC®  TNTC = TNTC . .
HL-505CD2-M i TNTC ~ TNTC = TNTC ; -
HL-S05CD2-E i TNTC ~ TNTC =~ TNTC ; -
HL-SO5TD2-B-1| - 82 76 75 78 4
HL-SO5TD2-B-2| - 51 51 49 50 1
HL-SO5TD2-B-3| - 77 66 64 69 7
Day 2
HL-SOSTD2-M-1| - 39 37 44 40 4
HL-SO5TD2-M-2| - 47 41 43 44 3
HL-SO5TD2-M-3| - 61 58 60 60 2
HL-SOSTD2-E-1| - 48 32 31 37 10
HL-SOSTD2-E2 | - 60 67 70 66 5
HL-SOSTD2-E3 | - 78 85 87 83 5

a) R: Replicate
b) S.D: Standard deviation
¢) TNTC : Too Numerous To Count

Page 23



Test Report SET-14-004

Appendix 9. The number of Escherichia coli in uptake water, discharged control water
and discharged treated water by treatment of EcoGuardian'™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CRUTI00mL S
Mean S.D
HL-S05UW-B 36 39 21 128 39
Day0 | HL-SOSUW-M | 25mL | 34 36 39 145 10
HL-S05UW-E 17 18 28 84 24
HL-S05CD2-B 3 3 6 4 2
HL-S05CD2-M | 100mL | 7 12 10 10 3
HL-S05CD2-E 42 38 | 36 39 3
HL-S05TD2-B-1 2 3 11 5 5
HL-S05TD2-B-2 2 1 0 1 1
HL-S05TD2-B-3 0 0 0 0 0

Day 2

HL-S05TD2-M-1 2 0 0 1 1
HL-S05TD2-M-2| 100mL | 0 0 0 0 0
HL-S05TD2-M-3 0 0 0 0 0
HL-S05TD2-E-1 2 2 3 2 1
HL-S05TD2-E-2 0 0 0 0 0
HL-S05TD2-E-3 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Test Report SET-14-004

Appendix 10. The number of intestinal enterococci in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date sample 1D Iglsj'nqg RI” R2 R3 CFU 1100 mL §
Mean S.D
HL-S05UW-B 0 0 0 0 0
Day0 | HL-SOSUW-M | 100mL | 0 0 0 0 0
HL-S05UW-E 0 0 0 0 0
HL-S05CD2-B 1 0 0 0 1
HL-S05CD2-M | 100mL | O 0 0 0 0
HL-S05CD2-E 0 0 0 0 0
HL-S05TD2-B-1 0 0 0 0 0
HL-S05TD2-B-2 0 0 0 0 0
HL-S05TD2-B-3 0 0 0 0 0

Day 2

HL-S05TD2-M-1 0 0 0 0 0
HL-S05TD2-M-2| 100mL | 0 0 0 0 0
HL-S05TD2-M-3 0 0 0 0 0
HL-S05TD2-E-1 0 0 0 0 0
HL-S05TD2-E-2 0 0 0 0 0
HL-S05TD2-E-3 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Test Report SET-14-004

Appendix 11. The number of Vibrio cholera O1, O139 in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date sample 1D Iglsj'nqg RI” R2 R3 CRUT100 §
Mean S.D
HL-S05UW-B 0 0 0 0 i
Day0 | HL-SOSUW-M | 100mL | 0 0 0 0 i
HL-S05UW-E 0 0 0 0 i
HL-S05CD2-B 0 0 0 0 i
HL-S05CD2-M | 100mL | 0 0 0 0 i
HL-S05CD2-E 0 0 0 0 i
HL-S05TD2-B-1 0 0 0 0 i
HL-S05TD2-B-2 0 0 0 0 i
HL-S05TD2-B-3 0 0 0 0 i

Day 2

HL-S05TD2-M-1 0 0 0 0 i
HL-S05TD2-M-2| 100mL | 0 0 0 0 i
HL-S05TD2-M-3 0 0 0 0 i
HL-S05TD2-E-1 0 0 0 0 i
HL-S05TD2-E-2 0 0 0 0 i
HL-S05TD2-E-3 0 0 0 0 i

a) R: Replicate
b) S.D: Standard deviation
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Test Report SET-14-004

Appendix 12. The microscopic image of > 504m in uptake water (DayO0)

Parvocalanus sp.* Oithona spp.*

Acartia sp.* Paracalanus sp.* Harpacticoida sp.*

Evadne tergestina* Nauplius* Polychaeta larvae*

Bivalve larvae* Gastropod larvae*

* Magnification : 20
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Test Report SET-14-004

Appendix 13. The microscopic image of >504m in discharged control water (Day2)

Parvocalanus sp.* Oithona spp.*

Acartia sp.* Paracalanus sp.* Harpacticoida sp.*

Cirriped larvae* Nauplius* Penilia avirostris

Polychaeta larvae* Bivalve larvae* ' Gastropod larvae*

* Magnification : 20
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Test Report SET-14-004

Appendix 14. The microscopic image of > 50um in discharged treated water by treatment
of EcoGuardian™ BWMS (Day?)

Specific Name Discharged treated water

* Magnification : 20
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Test Report

SET-14-004

Appendix 15. The microscopic image of 10umn—504m in uptake water (Day0)

Specific
Name

Uptake water

Optical

Fluorescence

Guinardia sp.

Leptocylindrus sp.

Gyrodinium
sp.

Chaetoceros
sp.
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Test Report SET-14-004

Dictyocha sp.

Ceratium sp.
Gymnodinium sp. ' .
e L~
100 pr.n
Rhizosolenia
sp.

-
v

Page 31



Test Report SET-14-004

Unknown

Magnification : 200
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Test Report

SET-14-004

Appendix 16. The microscopic image of 10um—50um in discharged control water (Day?2)

Specific Name

Discharged control water

Optical

Fluorescence

Guinardia sp.

100 pm

Gyrodinium sp.

100 pm

Unidentified
ciliate

Dictyocha sp.
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Test Report SET-14-004

Ceratium sp.

Chaetoceros
sp.

Rhizosolenia
sp.

Prorocentrum sp.
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Test Report SET-14-004

Leptocylindrus sp.

Magnification : 200
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Test Report

SET-14-004

Appendix 17. The microscopic image of 10#m—-504m in discharged treated water by
treatment of EcoGuardian™ BWMS (Day?2)

Specific Name

Discharged treated water

Optical

Fluorescence

Unidentified
ciliate

Unknown

Magnification : 200
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Test Report SET-14-004

Appendix 18. The image of heterotrophic bacteria

Uptake water (Day 0)

Beginning Middle

Discharged control water (Day 2)

Beginning Middle

Discharged treated water (Day 2)

Beginning Middle
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Test Report SET-14-004

Appendix 19. The image of Escherichia coli

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 2)

Beginning Middle End

Discharged treated water (Day 2)

Beginning Middle End
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Test Report SET-14-004

Appendix 20. The image of intestinal enterococci

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 2)

Beginning Middle End

Discharged treated water (Day 2)

Beginning Middle End
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Test Report SET-14-004

Appendix 21. The image of Vibrio cholera O1, 0139

Uptake water (Day 0)

Beginning Middle End

1.23
05Uy 8 % e

' o o g

Discharged control water (Day 2)

Beginning Middle End

2014/07/25 OT:10

Discharged treated water (Day 2)

Beginning Middle End

2014/07/25 0T:11
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Test Report SET-14-004

5. Attachment

5.1 Sampling check & custody Sheet

5.2 Freezing keeping sheet

5.3 Water parameter measurement sheet (1)

5.4 TOC measurement sheet

5.5 TSS(Total suspended solid) measurement sheet
5.6 Microbiology Test Sheet

5.7 Test Result sheet with Microbiology

5.8 Vibrio cholera O1, 0139

5.9 Test Result Sheet — Classification (I1)
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Sampling check & custody Sheet

20 /ﬁ

Study number

Test number

SET~ 204 — ookt

Sampling time

YDay 0

o Day 1

oDay2 oDay3

o Day 4

oDay5 oDay( )

Sample location

“erUptake water 0 Discharge control water 0 Discharge treated water 0 Other( )

P oy Sample . Sampling time
Con.” Bottle | Vol.(L) | P.” Beginning | Middle End
TSS /| HDPE ' W | Arac | resy | 65
DOC, POC / | HDPE
Bacteria (4 item)” HDPE o2
Organism (10~50 pm) | HDPE 03
_Organ_is;l (250 pm) 1/ HDPE
Sample location O Treated water 0 Treated water (Neutralized)
Sample Sampling time
Rarameter Con.” Bot{t)le Vol. (L) | P [ Beginning : Mgiddle End
Bacteria (4 item) _—
‘Organism (10~50 pm) | |
Organism (=50 pm) B /
Concentration
Parameter Vol. of concentrated before Equipment Mesh size
Organism (=50 pm) [, ©9° (L) net 32 pm
Organism (10-50 pm) L) net 5 pm

Sample storage information

* First, fill a 1~20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 um), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity
* Separately, organism(>50 pm, 10 ~ 50 pm) sample was concentrated with net.
* Storage time of “bacteria sample” is for “heterotrophic bacteria test”
* TSS and DOC and POC samples are acidified(pH<2) with HC1 (in 6 mL HCI of 2 L sample)

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :

Parameter Location & condition Storage time
TSS & /9 2l )
1= - . — Freezer(-20TC) gl 2 6‘)‘\7 w\,wﬁ
DOC, POC = /722 N
Bacteria (4 item) Refrigerator(4 C)
Remarks

/

Working date

Tty . bl

Personnel

%“?.W ua _ ™ /@n}

Confirmation date

Tuly

Y

Confirmed by

Sun ole Lee W(M’

a) Concentration b) Period

c) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Worksheet-Field-001-2(3)



Sampling check & custody Sheet

oDay0 oDayl \{Day2 |:|Day3 aDay4 oDay5 oDay( )

¥ DUptakewatefMﬁlschmgeoonuolwaterDDlsclmgeuwedwaterDOdm(

poc, PoC
Bacteria (4 item) ™ / 02
Organism (10~50 pm) / o3

Organism (250 pm)  Joool 725, HDPE 0,2

' \Q/Treated water o Treated water (Neutralized)

Organism (=50 pm)

Organism (10-50 pm) e (L) net 5 um

TSS . =3
— =i Freezer(-20C)

DOC, POC

Bacteria (4 item) Refrigerator(4C) | /

Remarks

* First, fill a 1~20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pm), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity

* Separately, organism(>50 pm, 10 ~ 50 pm) sample was concentrated with net.

* Storage time of “bacteria sample” is for “heterotrophic bacteria test”

* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 6 mL HCIl of 2 L sample)

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :

5\&\4 L3 Sun ok Lee A
Sy AV Sun ok Lee  «igh|

a) Concentration b) Perlod
¢) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Busan Techno ~Park .
e Worksheet-Field-001-2(3
. Marine Bio-industry Development Center @



Freezing keeping sheet

(Of sample for measurement of water parameter)

2014t
Sample Test water Sampling time Day 0
Storage place Freezing room Storage Condition 20 C
Study number | i T Test number SET~ Leotq —oobt
No. | Sample ID Labeling Storage Date & time Personnel
1 | RL™ SoSyw - © A/B/C )| o0k / (D:z)
2 | L oSVw =M [A/B/I )| el 1 491y
3 | RL=%TYUW™ & |A/BA )| orx | X '
4 A/B/ ) / Gang 7 (”}%
5 A/B/C ) /
6 A/B/C ) /
7 A/B/C ) /
8 A/B/C ) /
9 A/B/C ) /
10 A/B/ ) / (sign)
11 A/BTC) /
12 A/B/C ) /
13 A/B/C ) /
14 A/B/C ) /
15 A/B/) /
16 A/B/C ) / (sign)
17 A/B/C ) /
18 A/B/C ) /
Remariks
X
Confirming date ory . -?/,\ Confirmed by L‘éfi 31 ‘;Uﬂr %g—)

7.

Busan Techno-

Maring Bio-indushry

“Pagk

Ly i 3
is?:’%{ ?iw % C{i\ﬁf@f

Worksheet-Field-009(2)



Water parameter measurement sheet (1)

2074

—

Stady Number . — | Testmumber | SET7- 2004~ 004
Sampling time \lz(Day 0 oDayl 0oDay2 oDay3 oDay4 oDay5 oDay( )
Equipment Kéf.plé{i@ - pH, temp., salinity, DO / \{/,L/ﬁki' - Turbidity
Sample Replicate pH Temp (°C) | Salinity (%) | DO (mg/L) T"('l;';fgi)ty
e Uptake water RI %. (4 .49 19 04 /i 7 So
0 Discharge control water P A _ — ‘ .
0 Discharge treated water R2 b -4 9. 4+ 29. 954 5 79 7. bo
0 Discharge treated _~ : . -~ i -
weter(Neutralized wter) R3 b.46 9. 49 4. 7o G 4L 0 40
MB( )oM( )oE( ) | Mesuingtine gy VAR
¥ Uptake water RI % & 29,39 2% Gy b. 56 770
DDfscharg:cmmdw.m' - 3 5 7 — — —
0 Discharge treated water : 14| 29.94 T 70 Y
Discharge treated : .
e T X e T A
oBOMMO)OE ) | Messrgine | (753 bro
o Upiake water RI b 5L 2 4 | 29. %5 $-13 Nl
DDFEM@COHBUIW&IH = - = 1964 e 770
0 Discharge treated water %5 29. 4% - 5. $4 .
0 Discharge treated ‘ o 5
water(Neutralized water) R3 253 29.43 19.%6 §-57) 720
oB( )oM( )& ) | Mesuingine b yq TRy
0 Uptake water R1 :
0 Discharge control water
0 Discharge treated water R2 /
0 Discharge treated R3 /
water(Neutralized water)
uB( YaM( )oE( ) | Measuringtime
0 Uptake water R1
0 Discharge control water /
0 Discharge treated water R2 /
0 Discharge treated R3
water(Neutralized water)
oB( )aM( )oB( ) | Mesuigime |
0 Uptake water R1
0 Discharge control water
0 Discharge treated water R2
DDimegem‘E/ RE
water(Neutralized water)
B oM( )oE( ) | Measringtime
Remarks
_ W
Working Date J (A(y; Htk Study Personnel '44%—{‘?'7”;-., Ko /gséﬁ/
Confirming Date on 2L\ Confirmed by (e, 71 ~SUn / W _

+ Busan Techno-Park

<X, Marine Bic-industry Development Cenfer

-7 7

Worksheet-analysis-001-3(3)



Water parameter measurement sheet (I)

|:|Day1 oDay0 nDayl

TSI T TR

; H’?-}.jnll\lfnl!)\-‘i:’ 4 g‘g /w[([« /00(7L

ay2 DDay3 DDay4 oDay5 o

)

Dé YSI—6920 a| HQ-40D o Pockct colonmeter ] 2100AN a Orion 3STAR o (

)

'_ jf S Tichutity 8 t TR0

%

eww L ()
oFeed Tark (1) R1 . -
Dcﬁxglv]:(aw(rz) R2 3 .20 3050 [ 3125 | 3V 5'8 /
D;Fm%dwater) RS 133L [202) |29.67 | o9 8,3 /
- .
@B oM op | Vet | | (128
ngggﬁ ) R1 3.1% 12029 [2953 [7.49 ¥ 3
Coaotvets |2 [33° [0 20 Pay [ | 22 | 7
otiactvaer | B3 1335|208 haoo [2a% [ 00 [/
oB \dM_oE | Meisie [ 15 2 )
ok | R 9,22 [2035 [ 30 [3,0% | A,
eedTank (2)
dContrl vt R2 12, 20,27 |=2,67[>%2 | £, 3 /
sy L& 1996 Iz [Am0 115 14,7 1/
oB oM Measingime “’ '77%
“ES'{::: o Rl 13,27 20 2988 | 2,22 | 9.0 Jepg
E/cmwﬁ R2_ 3127 pooo |20053> 23| 6.3 [P0
| (o | B3 1320 190, DY g3l 250 [ 6.6 |00
]
\¥B oM oE | Mesumgime [/) S0
aggjr":i ) Rt |3 (20,2 [R43 [ 215 [b:2
gCamulwatg) )i q.4o %0 %% 2/01‘@] Re. 15 é.D /
\ﬁ,'ﬁﬁdﬂiwatﬂ' R3 @ (LFO ;05 M ¢6q 2 ¢ [5/ é LL /
) igion | 134 ’
WB_ oM _op | Meumeine ‘ ]
DFeedTank (1) R1 3 140 ZO'O! m | U8 Y3 /
cCmtme? | R | g 40| 2021 [ 94 N]] 5.5 249 7
‘;{%I‘mdg\nm) R3 2% 0 20 0% | 2992 | 3 .52 4.8
(b oM op| Ve | |3
\'2;’7'#‘ C‘/‘
2% +h Sigy
Busan Techno—-Park .
¢E Maring Bio-indusiry Development Center Worksheet-analysis-001-1(4)



Water parameter measurement sheet (I)

oDay-1 oDay0 ElDayl\éDayZ o0Day3 oDay4 oDay5 of )

o YSI- 6920 o HQ-40D o Pocket colorimeter || 0 2100AN o Onon 3STAR O (

I —
oCetoimie. | B2 | 2,.$3(20,03 29 03] 2,60 | 6,5 _|0.05
et | B | 5§ 3] 30,03) 29 .00 3 N2 bs b [9w03
OB 6M  oF | Meuigine [ /3 2.0

oFeed Tank (1) RI | oog | 264 4,35 | ¢ / ‘
ccomwer. | R | 342[2005| 29451 3,41 | 49 | /
0 Treated water R3 dY-X4 30, of | 27, M| %2/F 0,7 /

a( 2 ) T 7
0B WM oF | Mesigtme f?'7/'7/

oFeedTok O | Rt | 3,03 | 9293 |20 4] & gd | €7 /
SP(;:::;mvi(aﬁe(rZ) R2 Yy | o3 [2969 3. 8= (.1 /
o el B N LY N E W P Wl V4
OB M oF | Mewigie [ 14 27
D, | ¥z 2002 |29, [3%e | ¢, ¥ 004
o Control water i ;343 3012 paLIN 2.2 4’(_7 008
iofomr | B3 7043 | 70, 11[22,00] 3,9/ | ¢.3 004
OB 1:|1M Vg | Messigie | (3« G2
Rk O | RU_19:¢% | J009]29.8 1 H26 | 54
\?amolwm- R2 g4 3 20 ,0({' 2260 2.36 86 /
st weter B 1393 | 2088 2a02] 3,230 | .t |/

o( 2 ) i —
oB oM \ﬁE mngm lo' (,oL

oFeed Tank (1) RL 2,42 13201020323 | 54
et R2 |3 12| 30, Bl2e, M| %29 | 5] /

\Sfamdwm - 7
diestvae | T B Ur[t00[ANI ]} g (s [/

Busan Techno-Park
% Marine Bio-industry Development Center Worksheet-analysis-001-1(4)
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o

TOC measurement sheet

:j\s

Study number Test number | TC1 — 1y - cog.
Method }hﬁh TQVWW@ C ambfion Equipment Und g T0C  Clke
: Reception time of
Sampling day Day 0 st Sbotasces /
Parameter
TOC (mg/L) DOC (mg/L) POC (mg/L) Remarks
Sample ID & lot
3 .224 b33
2. N5 b2 /Yo
HL -Sosuw- 3105 ’\ AL 7
3.0 5% N
Aver. : )) _20 0 Aver. : (i n"" 3
) N 22N / 03}' e
H - S0t K I 2\Us /- 5/
Aver. : 3,24\ Aver. : /»/72,L
3.y /- bge
. 2.2 7. J /R
H(—SosuwW -k 2059 /-a’zé 8
Aver.: “ “143 Aver.: / 57
Aver. : Aver. ;
Aver. : Aver, :
Aver. ; Aver. :
* POC =TOC - DOC
Remarks
Working date T U |7, 24 th Study personnel lee. 37 -Swn M
———
Confirmation date | Confirmedby | (sign)
Certificate date Jul y -z/q +h Study director lee 077 S bﬂ,//}y}’ﬁgi

Busan Techno-—Park

'Vt Marine Bio-industry Devalopment Center Worksheet-ANL-005(2)



1t

TSS(Total suspended solid) measurement sheet

Study number /7 Test number { ET~ /4 - oo4
Test period ‘r\}’u(?/ Cabta 2944 Equipments Dry oven, Balance, Desiccator
el R [ — 100
Sample ID RY Sample Volume | Filter paper | ® +SS Weight | SS Weight Result Average
(Lot No.) (mL) Weight - @ (g) (¢9) @ (mg/L) (mg/L)
R1 $60 2. 5009 26 9 0.00(} 1.6
HL-505TW ~ |R2 00 .5 | 26 3049 0. 00(3 2.6 ) #
R3 oo 27. o788 2. 059 0. o0lD 7.9
RI 500 25 Mo 26029 0.o0 L L.g
HE %5 Tw+H |R2 $20 2. (x| M. b3 0 -o01( 2. Z,z(
R3 {o0 6. loll 26. 2025 0. 003 2.4
R §o? 24, 4233 L6.6L%7 0. oold 1L
HL‘%W(Q"{:’ R2 fbo 14 01{/66 7/4,-04,(“ 0‘00/5‘ ‘}_o 5 O
R3 svo M. f9s( 2. 6%65 0.00 4 1.9
Rl
R2
R3
R1
R2
R3
R1
R2
R3
Remarks
Working Date ja(y_ 2944 Study Persomnel §cm§~ H7um N /K@)
Certificate Date ELQ/U] 2t SudyDirecr | S, 2 ko Lee )
" Replicate
BuUsGIN FeTh o =—frgy Worksheet-analysis-004(3)

“1 :
N Loy L PR A P
Z b Maring Bis-mausier De alonmef Danky




Microbiology Test Sheet

2014
Study number Test number SET - (U — ool
Sampling Time V( Day0 oDayl oDay2 oDay3 oDay4 oDay5 o Other( )
Test substance \{Uptakewater 0 Discharge control water T Discharge treated water 0 Other( )
Dilution water/Lot No. Autoclaved Distilled Water/ADW-l 31122
Test facility condition Start : Team. 2@’0 , Humidity : ?ﬁ% P.H./End : Team> ? C, Humidity : 4% % P.H.
Test condition
4
0 Marine agar o0 Marine agar o Marine agar O Marine agar
\r Acrobic Comnter Plate | 0 Aerobic Courter Plate | 0 Aerobic Counter Plate | 1 Aerobic Counter Plate
Medium name
omTEC o mEI &mTEC o mEI omTEC & MmEI omTEC o mEl
o TCBS o TCBS o TCBS ' TCBS
Manufacturing date ’f/ Sele, M. (6 2ottk, 1Lk sol . 1 (9
0 Membrane filter tvMembrane filter \ri Membrane filter H Membrane ﬁlter
Test method o Spread method o Spread method 0 Spread method o Spread method
& 3M™ Petri film o 3M™ Petri film o 3M™ Petri film o 3M™ Petri film
Replicate 2 3 2 %1
025°C 025C 025 C 025 C
Culture B350C () ¥350C (1) 0350C () 350C ()
temperature 041 C 041 C w41 C 041 C
0445C () w445 C (2) o0d445T () 0445C ()
o2 hr () 2 hr () a2hr () o2hr ()
022 hr () 22 hr (1) 022 hr () 022 hr ()
Culture period | 124 hr 024 hr \of 24 hr ler24 e
o(C Yhr () o( )hr () o( )Yhr () o( )hr ()
o( Yhr () o( )hr () o( Ybhr () o( )bhr ()
Time (Start/End) )Lf 60 / W% SR 7 5 &9 M7 | AL 3/
Volume (mL) I / ) / Qt)/ {0a 2% [(K“ / 2 |Joo
Dilution factor |y )\| /it Vi /-’ Y P / ! /-/
Test substance B BB / % B P) [5 / B B ¥, 7
Remarks: The test of bacteria can have sample holding time.
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)
Working date (Y, L > Personnel LQC; f'\“fuz?f/f 0y /4% Pﬁ
Confirming date 90\\,‘, 3 - %‘ Confirmed by Qm - I( (_Qg_(éép,)l;_

2

Busan Techno—Park

Murine Bio-industry Development Center

BSMB-QS-06-04(2)



201

Microbiology Test Sheet

Study number

-

Test number

SET - 'y~ 0ol

Sampling Time

Test substance

\ﬁDay 0 oDayl

oDay2 oDay3 oDay4 oDay5 o Other( )

Dilution water/Lot No.

}ﬂ/U_ptakewater o Discharge control water 0 Discharge treated water & Other( )

Autoclaved Distilled water/ADW-131122

Test facility condition

Start : Teamn,. ‘C, Humidity : % P.H. /End : Team« y 'C, Humidity * % P.H.
™) Af G )

Test condition

Remarks: The test of bacteria can have sample holding time.

o Marine agar 0 Marine agar o Marine agar O Marine agar
\ef Aerobic Courtter Plate | o Aerobic CounterPlate | o Aerobic Counter Plate 0 Aerobic Counter Plate
Medium name
omTEC o mEI bmTEC o mEIl omTEC @mEl omTEC o mEI
o TCBS o TCBS o TCBS ’TCBS
Manufacturingdate| Solik. AN 200k, 1k 2o g
a0 Membrane filter trMembrane filter \r'Membrane filter trMembrane filter
Test method o Spread method o Spread method o Spread method o Spread method
W3M™ Petri film | 0 3M™ Petri film | 03M™ Petri film | 0 3M™ Petri film
Replicate 3 2 2 3
025 T 025 T 025 T 025 7TC
Culture ¥350C () ¥350C (i) 0350C () B350C ()
temperature o041 T o041 C Va1 ¢ o041 C
0445C () H445C () 0445°C () 0445C ()
02hr () &2 hr (‘) a2 hr () o2 hr ()
o2hr () w22 hr () o22hr () o22hr ()
Culture period | k724 hr 024 hr %24 hr \er24 hr
a( )br () o(C )hr () o( Yhr () a( )hr ()
a( )hr () a( )hr () o( )hr () o( )hr ()
Time (Start/End) u}«»@ L/ [(g 0| ey o 61§/ Lo | S/ gy
Volume (mL) ||| i /| es (00 / 45| 10 7/\: (c0 /
Dilution factor e | ¥9| Vs / / B //_ / / ] ,-Zi
Test substance V\ M A ,-‘/ SIAY / A M / M | 1|/ ]

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)

Working date

xollp, . 2]

Personnel

[ e M‘/GL{ ralyee.

Confirming date

A s |

Confirmed by

“Cuns

& @‘)

( ee

, Busan Techno—Paik

<5 Sarne Bio ndustry Devslopment Center

BSMB-QS-06-04(2)



20 1t}

Microbiology Test Sheet

Study number

g

Test number SET - (OO,

Sampling Thne

&z’DayO oDayl oDay2 oDay3 oDay4 oDay5 o Other( )

‘Test substance

HUptakewater 0 Discharge control water 0 Discharge treated water 00 Other( )

Dilution water/Lot No.

Autoclaved Distilled watetr/ADW-131122

Test faciiity condition

Start : Tear&c) ‘C, Humidity : ;)_% P.H./End : Teamw C, Humidity : 272 % P.H.

Test condltlon

0 Marine agar 0 Marine agar o Marine agar o0 Marine agar
s A% D Aerobic CounterPlate | 0 Aerobic Counter Plate | 0 Aerobic CounterPlate | 0 Aerobic Counter Plate
Medium name
g 0 mTEC 0 mEl omTEC o mEI omTEC &fEI omTEC omEl
| oTCBS o TCBS o TCBS trTCBS
ManWlacturing date — s SIS VST Dol .N. &
i W | 0 Membrane filter &Membrane filter b‘Membrane filter brMembrane filter
e Test method | 0 Spread method o Spread method o Spread method o Spread method
ity ) e \ZI/3MTM Petri film 0 3M™ Petri film o 3M™ Petri film o 3M™ Petri film
Replicate 3 2 2 3
' 025 C 025 T 025 T 025 C
Culture _ W35.0 C () w35.0TC ( 1) 0350C () 350C ( )
temperature 041 C 041 C Y41 C 041 C
0445C () H445C (2) o0445C () 0445 C ()
lo2hr ( ) 2 hr () 02 hr () o2hr ()
GE e e 0 22 () ¥22hr  (4) o22hr () o22hr ()
~ Culture period | 24 hr 0 24 hr /24 hr %24 hr
. s do(O)he () fs()Oh () |e(Oh () |8 ) ()
G djo(Oh () ek () [Bs()b () fa()br ()
Tlme (Start/End) ‘T(\;U‘C_)] / m 1 u, | AN VN | [ / (e y4- [N~ / s
Volume (mL) 1) l 1 / 25 o / 25 | oo / 257|180 , /
L YA VA A A AV
Test suhstanee e lelcl lele |/ lelel/] eV

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holdmg time(storage time) of “sampling check & custody sheet”)

Workmg date 33

2014,

/7, 2

Personnel | [ee Mooy g /@( Qs/gn)

Confirm‘mg da‘te

24

=, U

Confirmed by 9% N ok Lg,e (;{@),

Busan Yechno-Park
f@“ Marine Bio-industry Development Center

BSMB-QS-06-04(2)




Microbiology Test Sheet

2014
Study number . Test number . g"&T —( o ls
_.sgmplii;_gl Time oDay(0 oDayl g Day2 nDay3 oDay4 oDay5 o Other( )
i Tes hitane: 0 Uptake water \Discharge control water o Discherge treated water 0 Oter( )
: Diluhon waﬁerl[nt No. : Autoclaved Distilled water/ADW-131122
: 'I‘est facﬂlty cuqdnhan Start : Tea:;%)q‘ C, Humidity : é” % P.H. /End : Team. "}{C, Humidity :t;tl, % P.H.
: | \i JEL 0 fo Test cosﬁft{fn _ ZIL;,CZ : ij ;’z _
| o Marine agar 0 Marine agar O Marine agar 0 Marine agar

|\ Acrobic CounterPlate | 0 AcrobicCounterPlate. | 0 Aerobic Counter Plate | 13 Aerobic Courter Pl
| cmTEC g mEl &mTEC o mEI omTEC tmEI omTEC o mEl
a TCBS o TCBS o TCBS ' TCBS

0o M. b (] .
0 Membrane filter dtMembrane filter \@'Membrane filter krMembrane filter
o Spread method a Spread method o Spread method 0 Spread method
VSM™ Petri film | 0 3M™ Petri film | 0 3M™ Petri film o 3M™ Petri film
& \S \3 3 \3
“lna2sc 025 T 025 C 025 °cC
ss50c () ¥350C () 0350C () 350 T ()
041 C o411 C w41 C - |o41C
0445C () %44.5 C () od4ds5T () 0 :14.5 T ()
o2hr () w2 hr ) o2hr ¢ ) a2hr ()
a22hr () of22hr () o22hr () a22hr ()
d 24 hr 024 hr \a24 g * |24t

o( Yhr () o( Y () o( )hr () o )hr ()

| 6D, /() 7> | 0 Q) B /() L |0 (e Sl [ o@dhr (L
?)

JIL ’LLI’ 2 “*‘”‘L IS [0 8 [oop, 1538
NNTERATEIE P A I Y WW S EAREY

Joe o]/ oofes o0 | /| ofee fles| ]

[ A NN AV AT
[ dple (el lgnlel [» w|E

Remarks: The test of bacteria can have sample holding time. @) }, ) () é@{@(ed L/ M/\m»g\,\«) leo A,

(If it has, Refer to holdlng time(storage time) of “samphng check & custody sheet”) F
200y, 1, 25 | Hyou hee lec 2w
)'Q(Lkﬁ D?,l/']) 03 (70"%1 k(—% [mgn)
) BSMB-QS-06-04(2)

Busarn Techno—Park
% Marine Bio-industry Development Cenfer




Microbiology Test Sheet

2014
i "_-'—"’_._._‘-"_’_._- ad s .
Study nu.mlb.e;r Test number SET - (L-od
Sampling Time oDay0 ocDayl dDay2 oDay3 oDay4 oDayS o Other( )
anée 0Uptake water 0 Discharge control water & Pischarge treated water 1 Other( )

Autoclaved Distilled water/ADW-131122

Start : Team. 0 C, Humidity : I ,|.{ % P.H. /End : Team,}l( °C,Humidity:[_t/ %P.H.

Test condmon

| o Marine agar 0 Marine agar 0 Marine agar 0 Marine agar

| " Acrobic CounterPlate | 0 Aerobic CounterPlate | 0 Aerobic Counter Plete | 11 Aerobic Courter Plate
| omTEC omEI WwmMTEC o mEI omTEC pmEI omTEC omEl

| o TCBS 0 TCBS 0 TCBS I/ TCBS

dte] | oo 0. 16 0. g

0 Membrane filter \f Membrane filter g Membrane filter Len Membrane filter

0 Spread method a Spread method o Spread method a Spread method
| 4AM™ Petri film | 0 3M™ Petri film | 0 3M™ Petri film o 3M™ Petri film
: 3 3 3 3
1025 T 025 C 025 TC a257TC
He350C () ¥350C () 0350°C () 5350°C ()
|aa1c 041 C ka1 c - loarc
1o445C () Y445 T () n445C () 044.5C ()
n2hr () W2hr () o2hr () o2hr ()
o2hr () W2hr () o22hr () o22hr ()
(24 hr 024 hr |24 br A 24 he
o( )hr () o( Yhr () o( Y () a( Yhr ()
) )ﬂt. o( Jhr () D(_zhr ) E{S. Yhe ()
Tt o [l5eh /5 8 ST B
\ Vot jeo | joc [ (e \%e [(1ea [ (oo (57 [pe | (es] /

TN ATV 7T

DB [ ee]B2 b 'D> 1}5/ B "By i p> prl/

i

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holdlng time(storage time) of “samphng check & custody sheet”)

sollp 1) o3 Weughe Lee 7,6
A\ 9y Gor i Lw G}

BSMB-QS-06-04(2)

Busan Techno—-Park

Marine Bio-indlustry Development Center




Microbiology Test Sheet

2014
Study number Test number SET ~ e ~oolp
Samplmg‘l‘ime oDay0 oDayl ] Day2 oDay3 oDay4 oDay5 o Other( )
At aubitan oUptakewater f#Discharge control water o Discherge treated water 0 Other( )

Autoclaved Distilled water/ADW-131122

Start : Team. -7]( C, Humidity ({_, % P.H. /End : Team.™ ‘ C, Humidity :[_F) % P.H.

Test condition |
a Marine agar 0 Marine agar 0 Marine agar 0 Marine agar
| &Acrobic Courter Plate | 0 Aerobic CounterPlte | 0 Aerobic Courter Plate | 11 Aerobic Counter Plate
|omTEC omEl |&¥mTEC omEl |omTEC omEl  |omTEC omEl
| o TCBS n TCBS o TCBS Er TCBS
:://- 20(%.N. N Dofd-.N 1h Sulg 17
o Membrane filter ¥ Membrane filter tMembrane filter ¥ Membrane filter
a Spread method o Spread method 0 Spread method a Spread method
. E(3MTM Petri film a 3M™ Petri film 0 3M™ Petri film o 3M™ Petri film
3 3 3 -2
025 T 025 T r o025 C o25T
B350C () \{350C (|) 0350C () d550C ()
041 C 041 C w41 C 041 T
0445C () W445C (4) n445C () n445C ()
o2hr () W2 hr G) a2hr () o2hr ()
W2h B22hr (3) o2h () D22hr ()
k24 hr 024 hr 624 br dr34 hr
o( Jhr () o( )hr () o( )hr () o(C )hr ()
D(ﬂ))hr () o( )hr ( 30 o( dhr () o( )hr )
A I I e A S R S A I P S
N NANA VAL NA ALY
A IS I T Y VB I A v s R T P Y

R HE" curgfee L& ,éégn)
N ) bunok Lee 4o

8usan Techno—-Park

= Morine Bio-industry Development Centey

BSMB-QS-06-04(2)



Microbiology Test Sheet

" |\ Aerobic CounterPlate. | 0 Aerobic CounterPlate | 0 Aerobic CourterPlate | 0 Aerobic Courter Plate
| omTEC omEl WmTEC omEl omTEC oMAEl omTEC o mEI
| o TCBS o TCBS a TCBS & TCBS

200
Study number | Test number SETA s -ool
___Samphng Time' nDay0 oDayl dDay2 o Day3 oDay4 woDayS5 o Other( )
nce | oUptakewster oDischargecontrol water WDischarge trested water 0Other( )

: | Autoclaved Distilled watet/ADW-131122
i Start : Team. 7 ‘C, Humidity : % % P.H. /End : Team. - o C, Humidity :37 % P.H.
g : Test condition
o Marine agar 0 Marine agar 0 Marine agar o Marine agar
i ¢

= Sl (0 ol 0. [b yeltg N %
.| 0 Membrane filter ¥Membrane filter ya@Membrane filter b Membrane filter
/| O Spread method o Spread method 0 Spread method o Spread method
| M3M™ Petri film | 03M™ Petri film | 0 3M™ Petri film o 3M™ Petri film
3 3 B
025 T a257C 025 T
350 T ( p 0350C () 2350C ()
o4l C ka1 T - |o4atT
#7445 C () a445C () 0445C ()
W2 hr () o2hc () o2hr ()
¥22hr () o22hr () a22hr ()
a24 hr k(24 br {34 hr

o( )br () o( Yhe () a( )hr

()
a( )hr () a( )b () o( Jhr ()
5

T R/ A o S N R L
Il AR -l B S B
et PRESS 2 s S
'Kao (<2 (o / (oC [ {oT] (&0 // K’} (= [ (eo
ellexley ledesl®l |eles/f

! /

Remarks: The test of bacteria can have sample holding time.

(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)

MVOUI\O;!';(EP L@e /L/ (sign)

G ol (oo lontl

ol soly, 1) 33
dolf o +-27

BSMB-QS-06-04(2)

Susan Techno—Park

Marine Bio-inclusiry Development Center




Test Result Sheet with Microbiology

20ly
Study number /ﬁ Test number SET-AL - 00U
Sample type ib/fUpmkewaterD2.Discfmgecomlw-a;erD3.Disdmgehmtedwatem4.0&ﬂ( )
-_Sampling time E(}/f)ay 0 oDayl oDay2 oDay3 oDay4 oDay5 oOther( )
! 0 A-1. Marine agar(Heterotrophic bacteria) &/A-2. Aerobic Counter Plate(Heterotrophic bacteria)
Me WB. mTEC(Ecoli) oC.mEI(ntestinal Enterococci) aD.TCBS(Vibrio cholera)
Test Result
S:ry:e Mn:zn Test substance Test method Sm(lzt;d f::‘:)r 1) CFI;/IZ’Iate =
PR | po [4osvw -p | OMEYos? WPEY /| Y |~ 3|3
ater Loguw ~ 3 oMFEY o s? E%.F.d) / X0 9] 0 >
gouw —f | o MEY oSO 46F9 / Lioo o o | ©
socow —u | oMEP o S9 MPEY / Lue ; ()
oG —px | oMEP o §? MY / NG 9) o 1P
Corow M | cMEPos9wpE? | [ Xeo | © | © |o
Losas ~E | oMFY oSO kBE / Ko | o < |0
4oguw “E | O M.EY o0 89 4pF.9 [ A o O e
4obuw € | oMFY os? YPro | Kie? o | D
B sobpwf | & M.E" o 89 oP.FY 9%~ - Yb 9 | 2]
Cocuw-p | EME?as?PEY | oo | ed | AN | e
Sotuw-M | GMEY 0SYaPEY | G - 34 36| 39
cogpo -4 | YME? o S? oPEY loo - [o > ’°,fZI 105
L0GoW-& gMFE” o S oPF.Y 11, — az,‘vﬁ e fé r/gj
Lo € | YMEY oSY oPF? (oo - jelf | 1ot | /0]
D .o &MF? 0S¥ oPFY - | - o o | 2
| | ___—ToMFYos?opE? 1 ]
|_— oMFY g $9 aPE? _— —
Remaks &) Coweted b Myoung hee, Lee &
_VY(Eking date AW, N, 22 Pe_rsonnel M‘/ou\g hee  [2e 4;(@)
Confirming date Wiy, of). 22~ | Confirmed by Sy 2L tee i

a) dilution, b) membrane filter, c) spreading, d) petri film

e

Busomn Technng —Park

Marine Bie-industry Development Center

BSMB-QS-06-05(2)



Test Result Sheet with Microbiology

nf ,
Study number ~ Test number LT - (o —Ook
| Sample type | 1. Uptake water 2. Discherge control water 03, Discharge treated water 04. Other( )
Samplingtime |0Day0 oDayl oDay2 oDay3 oDay4 oDay5 aoOther ( )
dlis SaE 0 A-1. Marine agar(Heterotrophic bacteria) o A-2. Aerobic Counter Plate(Heterotrophic bacteria)
oB.mTEC(E coli) \z(C mEl(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
Test Result
S:Ty:;b Mn::n Test substance Test method Sar(r::i;zol f:::;r i CFI;/Zlate =
(AMJF@ C Sotpw-8 |V ME? 089 gpFY = O O &,
‘ G 0o -@ | WMEYoS?oPEY | oo o © O
gty b) 5 gO d
<SG UL -U gM.F.” o S” oP.F. ~S D D) o,
S5V W wM.E? o 89 oPFY (50 ) o ©
SCUW-E | ¥MEY0SYaPFY | oe ® e | o
sokgE | ¥MEYas?aPE? | (o0 o o | ©
D13 Vi ME? o 89 oPFY 0 0 O
oM.E” o $? oPFY /)
o MEY o S? oPF? /
o MEY 0 SY oPFY / /
oME? oS? gPFY /
oM.FEY o 89 oPF? [
oMF? o S? oPE? /
| oMFEY o s? oPFY f
/ o MFEY o S9 opEY /
/ o ME? 089 oPEY
/ o MFY o S? oPFY /
o MEY o 89 oPFY
Remaks I
_____ W orking date Dolle . o2 Personnel [C€ My gun e —A180
Confirmingdate | >¢I| o7 21— | Confirmed by Sun sk Lew )

a) dilution, b) membrane filter, c) spreading, d) petri film

4, Busan Techno —Park
/ t.. Marine Bio-industry Development Center

BSMB-QS-06-05(2)

/4



Test Result Sheet with Microbiology

20 &
Study namber /’/ Test number SET -4 ooy
Sampletype | Ol Uptakewaterﬁé Dlschaxgeoonholwatcr% Discharge treated water 0 4. Other( )
Samplingtime |0Day(0 o Dayl E/Day 2 oDay3 oDay4 noDay5 oOther( )
0 A-1. Marine agar(Heterotrophic bacteria) y/A-2. Aerobic Counter Plate(Heferotrophic bacteria)
Medinm name
oB.mTEC(Ecoli) oC.mEI(Intestinal Enterococci) ooD.TCBS(Vibrio cholera)

Test Result
S:Ty::e Mn::n Test substance Test method Sar(nn;:;/ol f:():or =1 CFI;/ZPlate =
L |[A-2 |sebep2-B | aME?as?&PEY | L - TVTC | TRTC | TVTTC
Sotcn2-n | oMEP 089 MFEY | (mL . TVTC | 7uTe | TVTC
_ Sevepz-€ | oMEPos? EED | L - TWIC | TIVTC TVTC
;__ﬂ ¢obTpe-p| oMEYos? PEY | L - gz | N 48§
Sot Tp2 - h2 oMEY aSOMPED | |l - Gl &l | ¢g
T2 -By| o MEY o SPWPEY | (L - nn | b | 4 N
S%trp2-Ml| oMEPas?&PFY | |ml - 29 | 9N 4
Gotqp2 2| oMEY 0S? MPEO | AL | - U | ul | 43
o T2 -My OMEPoSY8PES | L | - L | 5% | 6o
4oy (hr- V| D M.ED o S9¢PFY [mL - U(% D2 P
4ot Tpr-©2) MEP o SPWHPEY | [l | - o | (| no
6ot Tp2 B3| O M.FY 0 S° 4B F.9 lmL - N% Y5 | wn
- | o M.E? o 89 gPE? .
o M.FY 0 $9 aPFY
oMEY oSO PES |— |
| oMFY 5 S9 aPFY
o MEY o 89 aPE?
__,// oMFY o §9 oPE?
Remaks
Workingdate | ./, ) 4 Personnel H7 o 4 Lee [ ee Mé@lgn)
Confirming date wiw o o0 24 Confirmed by < 7 / ler - /(w/" ' cs

a) dilution, b) membrane filter, c) spreading, d) petri film
BSMB-QS-06-05(2)

Buson Technao —~Park
/ .. Marine Bio-industry Development Center



Test Result Sheet with Microbiology

20
Study number // Test number SET- WY—co >/
[ Sample type | O 1.Umake“aterlt(2.Disc}mg§ommolwwE}3.Dischmgehmtedwatem4.O&m(
Sampling time |0 Day0 oODayl D(D/ay 2 oDay3 oDay4 oDay5 oOther( )
0 A-1. Marine agar(Heterotrophic bacteria) o A-2. Aerobic Counter Plate(Heterotrophic bactetia)
o 2 o B. mTEC(E coli) % mEX(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
r Test Result
S:yn;le Mn;od:n Test substance Test method Sa[(r:ilz;d f:z::)r 1 CFI;/Zlate -
2. C Cobepa-p &MEY o §¥ oPF.? [oomb| - { o o
Goeprt | MEYoS?aPEY | (ooml| - o o | o
| ot (p2-C | YMEPoSYaPE? | jpep | - o e | w
3 GobTpy-p) | ¥MEYaS?oPEY | jocml | - © o | o
Gobpy - pr| YME? 0 S?oPEY | ferml| - S = X
St Aha-py | EMEP0S?aPE? | jeeml |~ 0 c |2
G, Tp2 -Mi | WME? 087 aPEY || - 0 o |©
got, 02 “M> YMEY o S? oPFY lco - © o |0
obp2 M3 | EMEY 08P gPEY | [oe - 0 o |
Lo - ¥MEY 0 s9 oPE? loo & o 0
Lot Ape-C YM.F? o s? oPFY oo o 12 0
505192 -2 WME” 0s? oPE? | Ov - 0 o <
h.w WMEP 0S¥ oPEY leo ) o o |u
— o MF? o S oPE.® =
o MEY o $? oPF.? —
oMERoSYGPEY
o ME® o $9 oPF.?
) // o MEY o 8? oPFY
Remaks
Working date WY . ol » __Personnel Lec wa g Ly~ 28N
Confirming date wIit, . 1Y | Confirmed by k v H i jco/'c/fl / mé}{;.

a) dilution, b) membrane filter, c) spreading, d) petri film

A

Busan Yechno—Park

Marine Bio-indlustry Development Center

BSMB-QS-06-05(2)




Test Result Sheet with Microbiology

20/l
Study number Test number LET -1y - 02 ¢/
¥ Sampletype | O l.lhakewmerbé.DimgecmmolwatertbS{DisdmgeuWedwmem4.0&m( )
Sampling time |0 Day 0 oDayl M)ay 2 oDay3 oDay4 oDay5 aOther( )
b 0 A-1. Marine agar(Heterotrophic bacteria) o A-2. Aerobic Countter Plate(Heterotrophic bacteria)
Medium name
o B. mTEC(E coli) )(C.mE[(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
| Test Result
S:yr:;le Mnfin Test substance Test method Sar(r:l)lz;/o]. fi:)r =1 CFI;/lz)late =
2 B l¢otcpz-p | UMEPaS?aPE? | [coml | - 2 3 4
Getpy-M | HMEP oS oPED | (00 . A | /o | e
L Gob (- E YME? o 89 oPFY | oo - 4y 7% 76
3 (oS 1 | YMEP0SPaPFEY | oo - 2 3 r/
Lot T2 -pr | ¥MEP o S?aPEY | foo - > / 2
(obrpe-0) | YMEP0S?cPEY | (oo g 6o | o | ©
tebpp-M1 | UMY 08P aPEY | (oo : > o | o
qoY Tp2-M¥ YME? 0§ oPF.Y loe = & G o
Sob T - M ¥MFEY o s? cPEY (oo N 2 19) Y
Lok pa-F 1 | KMEP0S20PEY | oo _ s | 2 | 3
74 p2-€ ¥MEP g 89 oPF.Y (oo ~ O O o
Gkt -E% | EME?0S?aPEY | (oo - 0 Q ¢
bw YMFY oS cPEY | oo - O o |0
oMF? oS oPEY =]
oME® o $? oPEY e
oMFYoS8?cPFY | — |
 [eMFYosIapEd
T o MEY o 89 oPEY
Remaks
J _XVorking date >o(lf. 0 2y Personnel [ et M}’ Ahd gt %sjgn)
Confirming date w14, 0 0. 2 Confirmed by K Hui - Jeo *’i‘}r 5;;1./@(]

a) dilution, b) membrane filter, c) spreading, d) petri film
BSMB-QS-06-05(2)

Buson Techno—Park

/ % Marine Bio-industry Development Center

ri‘-:



Vibrio cholerae O1, 0139

20 it
Study Number Test Number SET— (4 —€0 Y-
Sample type [{}’Uptakewater 0 Discharge control water 0 Discharge treated water 0 Other( )
Sampling time K Day 0 o Day 1 o Day 2 o Day 3 o Day 4 o Day 5 o Other( )

1. Procedures

[V Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.
[4 Incubate at 36°C + 1 °C for 6-18 hours.
[I4" Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139

antiserum for serological identification.

2. Results :

Test substance 01 0139 Sum
BB —
Sbtrw -~ B © ’ O
HL— Q060w —M 2 & O
ML ~<ot yw —& 0 O O

—

/
/

|3:Remarks
Working date | sofy. 1. 23 Study personnel | \toun o lee |oe ’@"
_Confirming date | _ (|} .3 7 _ Confirmedby | ke |

Worksheet-Microbiology-003-2(2)

susan Techno—Park

X, Marine Bio-inclustry Devslopment Center



Vibrio cholerae O1, O139

20l
Study Number Test Number SET - (4 ~<94
Sample type 0 Uptake water \#f Discharge control water §yDischarge treated water 01 Other( )
Sampling time o Day 0 o Day 1 dDay 2 o Day 3 o Day 4 o Day 5 o Other( )
1. Procedures
] Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.
M Incubate at 36°C = 1 °C for 6-18 hours.
lﬁ Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
antiserum for serological identification.
2. Results |
Test substance 01 0139 Sum
Hi- so b2 B J v v
Hi-<u6 Cbz 0 % 2
Hu-S0kcp> ¢ D © ©
HL -so5 Do Bi 0 & ©
Yl -T2 B2 % o ©
HicgoS1n s B3 O o ©
HL- Sob Tha | % o o
M- SO5TD 2 va & (& 0
L ~SO5 TP > M3 7 Z =
M- sobtpa £ % & O
M- S06Ms B2 o D 2
HU -6 Tha B3 % o “
/
/
/
 Workingdate | 2CILA 0/), >4 Study personnel | Myougliec Lo e
Confirmingdate | “* '\ = 3 ¢ | Confirmed by e M o Cuiiy

P Ty Worksheet-Microbiology-003-2(2)

7 & Morine Bio-industry Development Center



20 1

Test Result Sheet - Classification (II)

Study number / Test number ge T— \L(; — O'OLIQ
Test substance C/O (\M () Od’“@k- Lot. No.
Organism \\Wé 10to 50 pm 0 >50 um Method o Direct \m/Dye (‘Fﬂ)ﬁ )
s * Receive time of
‘oncentration M test substance \((« < 7%
Test start time [ G 03 Test end tlme ‘ bis .
. ; Minimum
Test site Conlmtmg Classification S ber.o.f e dimension
voume R*1 R2 R3 (um)
HL—5U-B | Tl |Gurnardia sp. o | % | SN
LQ—P‘\"’(/\{ (M AWS 3P s 23 2
e\\/wob ATAMm S p J \ 3
dnaefoceros  spp-. t9 > | |+
Dretyocha Sp. g - | S
Coratiwem  sp. I t =
C(ce_\e:(\oV\wo\ Sp. 3
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4.6 Test 6 report and raw data

Test Report

Project name EcoGuardian™

Test number SET-14-006

Gunsan(Korea)-Ballasting

Port Gamcheon(Korea)-Deballasting

Efficacy test of EcoGuardian™ Ballast Water Management

Title System (shipboard scale)

/‘\___,, BUSAN TECHNO PARK


bwt14
텍스트 상자   
4.6 Test 6 report and raw data


Test Report

SET-14-006

Statement of Quality Assurance

Data were reviewed by Quality Assurance Unit of BTP to assure that the study was performed

in accordance with protocol and standard operating procedures (SOP) of Busan Techno-Park

(BTP). The report was an accurate reflection of the raw data generated at the BTP. Inspection

of the routine and repeated procedures that constitute the study was carried out as a continuous

major phase at or about the time this study was in progress.

Test plan

12" September, 2014 ]

12" September, 2014

12" September, 2014

1% | 16" September, 2014 | 16™ September, 2014 | 16™ September, 2014
Sampling — :
2" | 18™ September, 2014 | 18" September, 2014 | 18" September, 2014
I | 16™ September, 2014 | 16" September, 2014 | 16" September, 2014
Test substance
2" | 18™ September, 2014 | 18" September, 2014 | 18" September, 2014
Test praneiiitcs 1* | 16" September, 2014 | 16™ September, 2014 | 16" September, 2014
(Bacteria test) 2™ | 18" September, 2014 | 18" September, 2014 | 18" September, 2014
Observation and 1" | 16" September, 2014 | 16" September, 2014 | 16™ September, 2014
counting -
(=50um, 10um-50umy | 2™ | 18" September, 2014 | 18" September, 2014 | 18" September, 2014
) - 17"~19" September, | 17"~19™ September, | 17"~19" September,
Obss::;‘ft‘i‘t’l“ and | 2014 2014 | o014
(Bacteria t%st) ond 19%-21% September, | 19"-21% September, | 19™~21% September,
2014 2014 2014
Gev, \’(lﬂfo’j’% (Qﬁl (24l ~Dec 2oty

Seo, Hyo-Jin / Project director

Date




Test Report SET-14-006

Study Personnel and Participants

The test participants recognized the study plan, manual, procedure, guide of Busan Techno

Park in performing the test.

Name Date

Study personnel ()6@ ST Sun % \Z_W\a DQO . 29] 4—
V4
lee lode To B0 Dec  wolte
Lee Sun ok A 1™ pec ot

1) _
Pcul/c A/c\ lc;/ wncj }}{2@ (;.«Fh o Dec . 301

Min =T, Kien 8% (b Dl 200f

cho %«kq@mg/ w 4. Q. d0(¢

é);n“'g'“/uw. e % J2t. Dec 2014
\(OUV!%},TW SOM?W l),’U/t_ DEC- 2olly

(sign)

Project director Q&a ‘ H_H,v")"&,\ (W (Z‘f(/\ . Dec . %(¢

S
U
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Test Report

SET-14-006

1. Results

1.1 Loading record

Vessel name SSANG YONG CHANGYAHNG
IMO number 9121027
Sample Loading Discharge
e WGT (Mt) (Date/Location) (Date/Location)
16™ September, 2014 |18™ September, 2014
Control | No.3D/BW.B.T | P, S 1370 |GUNSAN GAMCHEON
(35°58.30N,126°37.10E) ((35°04.48N, 128°59.70F)
16™ September, 2014 [18™ September, 2014
Treated | N DB WET | PS| 650 |GUNSAN GAMCHEON
' T (35°58.30N,126°37.10E) ((35°04.48N, 128°59.70E)

Page 1



Test Report

SET-14-006

1.2 Water parameters

Table 1. Water parameters at field

Date

Sample ID

pH

Temp
(°C)

Salinity
(PSU)

DO
(mg/L)

Turbidity
(NTU)

TRO
(mglL)

Day
0

HL-SO6UW-B

7.91+0.19

24.42+0.01

30.06+0.27

6.19+0.17

7.8£0.2

HL-S06UW-M

8.10+£0.04

24.43+0.01

30.15+0.14

6.06+0.08

7.3£0.2

HL-S06UW-E

8.12+0.05

24.43+0.02

29.99+0.23

6.02+0.15

6.6+0.1

Day

HL-S06CD3-B

7.81+0.30

24.46+0.07

30.33+0.03

5.34+0.10

6.2+0.2

HL-S06CD3-M

7.95+0.16

24.44+0.05

30.25+0.05

5.76+£0.17

6.6+0.4

HL-S06CD3-E

8.03+0.11

24.47+0.04

30.25+0.04

5.66+0.12

6.4+0.2

HL-S06TD3-B-1

8.06+0.12

24.67+0.08

30.58+0.09

5.94+0.06

8.0£0.4

0.11+0.02

HL-S06TD3-B-2

8.19+0.11

24.58+0.03

30.57+0.09

6.03+0.07

6.8+0.2

HL-S06TD3-B-3

8.16+0.16

24.59+0.03

30.59+0.06

5.92+0.08

6.8+0.2

HL-S06TD3-M-1

8.14+0.18

24.60+0.03

30.58+0.09

5.86+0.43

6.8+0.2

0.09+0.01

HL-S06TD3-M-2

8.26+0.05

24.62+0.09

30.46+0.32

5.68+0.06

6.8+0.3

HL-S06TD3-M-3

8.21+0.05

24.61+0.03

30.59+0.06

5.87+0.08

7.0£0.1

HL-S06TD3-E-1

8.06+0.08

24.59+0.03

30.62+0.01

5.88+0.05

7.4%+0.2

0.07+0.02

HL-S06TD3-E-2

8.03+0.11

24.61+0.04

30.57+0.09

5.92+0.09

9.7+2.2

HL-S06TD3-E-3

8.10+0.10

24.63+0.04

30.61+0.02

6.19+0.13

9.2+1.4

Data were presented as meantS.D of three repeated measurement.
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Test Report

SET-14-006

Table 2. Results of DOC, POC, TSS

Dat Samole D TOC? DOC? POC? TSS?
ate Pe (mg/L) (mg/L) (mg/L) (mg/L)
HL-S06UW-B 2.840 £ 0.16 1.737 £ 0.03 1.103 76.8+1.1
Dgy HL-SO6UW-M 2.690 £ 0.13 1.682 + 0.16 1.008 78.4+1.2
HL-SO6UW-E 2911+ 0.04 1.791 £ 0.03 1.120 75.5+1.4

Data were presented as mean+S.D of three repeated measurement.

a) TOC: Total Organic Carbon
b) DOC: Dissolved Organic Carbon

c) POC: Particulate Organic Carbon (POC=TOC-DOC)

d) TSS: Total Suspended Solids

Page 3



Test Report

SET-14-006

1.3 Influent water : Uptake water

1) > 50 pm organism

Table 3. The survival number of the organism larger than 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/m® Dimension
(jum)
Parvocalanus
Crassirostris 233+ 104 350~425
Acartia sp. 333+ 29 500~575
Cirriped larvae 233+ 29 150~200
HL-SOBUW-B Arthropoda Paracalc_s\nus parvus s. . 250 + 132 500~550
Oithona sp. 367 + 76 225~250
Nauplius 717 + 58 150~200
Corycaeus sp. 67 £ 58 350~400
Labidocera sp. 33+58 700~900
Annelida Polychaeta larvae 50 £ 50 250~550
Parvocalanus 100 + 100 350495
crassirostris
Acartia sp. 317 £ 126 500~575
Cirriped larvae 183 + 29 150~200
HL-SOBUW-M Arthropoda Paracalgnus parvuss. . 150 + 100 500~550
Oithona sp. 717 £ 104 225~250
Nauplius 717 £ 126 150~200
Labidocera sp. 17+ 29 700~900
Centropages sp. 17+ 29 450~550
Annenlida Polychaeta larvae 117 £ 58 250~550
ParvocalSie 267 £ 115 350~425
Crassirostris
Acartia sp. 333+ 58 500~575
Cirriped larvae 83+ 104 150~200
Paracalanus parvus s. I. 833+ 176 500~550
Arthropoda Oithona sp. 1,067 + 76 225~250
HL-S06UWE P Nauplius 133+ 29 150~200
Centropages sp. 1 17+ 29 450~550
Centropages sp. 2 33+ 29 600~650
Labidocera sp. 100 + 50 700~900
Corycaeus sp. 100 £ 87 350~400
Annelida Polychaeta larvae 150 £ 50 250~550
Total 11 species 2 phyla/divisions 2,578 £ 467 -
Influent condition:
Acceptability Acceptable -
(>10% ind./m?)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.
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SET-14-006

2) 10 pm - 50 pm organism

Table 4. The survival number of the organism between 10 to 50 pm

Minimum
Sample ID | Phyla/Divisions Species individuals/mL Dimension
(pm)
Pyrrophyta Proroce'ntrum sp. 14+7 10~20
Ceratium sp. 7T+4 15~37
Rhizosolenia sp. 1+2 13~30
Stephanopyxis sp. 9+4 15~40
K 1 Thalassiosira sp. 366 13~35
AL-S0EWS Chrysophyta Chaetoceros sp. 329 13~30
Eucampia sp. 11+13 15~30
Pleurosigma sp. 4+2 15~40
Protozoa Tintinnopsis sp. 2+1 20~40
Unknown 1+1 20~43
Pyrrophyta Ceratium sp. 10+£3 15~37
Prorocentrum sp. 25+ 2 10~20
Pleurosigma sp. 72 15~40
Leptocylindrus sp. 72 12~30
Thalassiosira sp. 34+10 13~35
PSS Chrysophyta Eucampia sp. 5+5 15~30
Stephanopyxis sp. 9+8 15~40
Rhizosolenia sp. 1+1 13~30
Protozoa Tintinnopsis sp. 2+1 20~40
Unknown 2+1 20~43
Prorocentrum sp. 325 10~20
Pyrropps Ceratium sp. 8+1 15~37
Leptocylindrus sp. 6+3 12~30
Diploneis sp. 1+1 10~30
HL-SO6UW-E iyt Thalassiosira sp 364 13~35
Chaetoceros sp. 307 13~30
Eucampia sp. 9+4 15~30
Pleurosigma sp. 2+3 15~40
Protozoa Tintinnopsis sp. 2+3 20~40
Total 12 species 3 phyla/divisions 1205 -
- Influent condition: Acceptable
Acceptability (> 102 ind./mL)

Data were presented as mean+S.D of three repeated measurement.
Some species were rare, the standard deviation was high.
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SET-14-006

1.4 Elimination efficacy

1) > 50 pm organism

Table 5. The survival number of the organism larger than 50 pm

Elimination
Test substance Sample ID individuals/m® Acceptability efficacy
(%)
HL-SO6UW-8 2,283+ 104 Influent condition:
Uptake water 1, ohe pyvt® 2,333 + 257 Acceptable i
(Day 0, Uw) (102 ind./m?)
HL-SOBUW-E© 3,117 + 325 =~
Discharged HL-S06CD3-B 2,000 + 87 Effluent condition:
control water HL-S06CD3-M 2,017 + 126 Acce_:ptable3 -
(Day3,C3) 'y soecD3-E 2,667 + 189 S
HL-S06TD3-B-1 N.D®
HL-S06TD3-B-2 N.D
HL-S06TD3-B-3 N.D
. HL-S06TD3-M-1 N.D .
Discharged Effluent condition:
treated water | HL-S06TD3-M-2 N.D Acceptable3 99.99
<10 ind./
(Pay 3, T3) ' i s06TD3-M-3 1 (<10 Ind./m’)
HL-S06TD3-E-1 N.D
HL-S06TD3-E-2 N.D
HL-S06TD3-E-3 N.D

a) B: beginning, b) M: Middle c) E: End, d) Calculation = (Uw-T3)/Uw*100, e) N.D : Not Detected
Data were presented as meanS.D of three repeated measurement.
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SET-14-006

2) 10 pm - 50 pm organism

Table 6. The survival number of the organism between 10 and 50 pm

Elimination
Test substance Sample ID individuals/mL Acceptability efficacy
(%)
HL-S06UW-8 a7 Influent condition:
Uptake water |y qoq v 12349 Acceptable :
(Day 0, Uw) (>10? ind./mL)
HL-SO6UW-E® 1239 =
Discharged HL-S06CD3-B 183 Effluent condition:
control water HL-S06CD3-M 15+1 Acceptable -
(Day 3, C3) HL-SO6CD3-E 17+ 2 (>10 ind./mL)
HL-S06TD3-B-1 <1
HL-S06TD3-B-2 <1
HL- SO6TD3-B-3 <1
. - -M- <
Discharged HL- SCIs™ M1 ; Effluent condition:
treated water | HL- SO6TD3-M-2 <1 Acceptable 99.99
<10 ind./mL
(Bay3,T3) | . 506TD3-M-3 <1 o nc,/mi)
HL- SO6TD3-E-1 <1
HL- SO6TD3-E-2 <1
HL- SO6TD3-E-3 <1

a) B: Beginning, b) M: Middle c¢) E: End, d) Calculation = (Uw-T3)/Uw*100
Data were presented as meantS.D of three repeated measurement.
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3) Heterotrophic bacteria

Table 7. The survival number of heterotrophic bacteria

Elimination
Test substance Sample ID CFU/ mL Acceptability efficacy
(%)
HL-S06UW-B? 0+0
Uptake water ) b + ) )
(Day 0, UW) HL-SO6UW-M 33+29
HL-SO6UW-E® 100 + 50
Discharged HL-S06CD3-B 317 + 52
control water HL-S06CD3-M 108 + 14 - -
(Day 3, C3) HL-S06CD3-E 150 + 43
HL-S06TD3-B-1 TNTC®
HL-S06TD3-B-2 TNTC
HL-S06TD3-B-3 TNTC
] -S06TD3-M-1
Discharged ol g'"s
treated water | HL-S06TD3-M-2 199 + 15 - 0.0%
(Day 3, T3) | || s06TD3-M-3 148 + 6
HL-S06TD3-E-1 TNTC
HL-S06TD3-E-2 TNTC
HL-S06TD3-E-3 TNTC

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T3)/Uw*100
e) TNTC : Too Numerous To Count

Data were presented as mean+S.D of three repeated measurement.
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4) Escherichia coli

Table 8. The survival number of Escherichia coli

Elimination
Test substance Sample ID CFU /100 mL Acceptability efficacy
(%)
HL-S06UW-B? 18+ 7
Uptake water . D) ] ]
(Day 0, Uw) HL-S06UW-M 31+5
HL-S0BUW-E © 52 + 10
Discharged HL-S06CD3-B 3+1
control water HL-S06CD3-M 3+2 - -
(Day3,C3) | | .s06CD3-E 1+1
HL-S06TD3-B-1 N.D ®
HL-S06TD3-B-2 N.D
HL-S06TD3-B-3 N.D
Discharged HL-SCeEs M1 NG Effluent condition:
treated water | HL-S06TD3-M-2 N.D Acceptable 100.0%
<250 CFU/ 100 mL
(Day3.T3) |y so6TD3-M-3 N.D ( mL)
HL-S06TD3-E-1 N.D
HL-S06TD3-E-2 N.D
HL-S06TD3-E-3 N.D

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T3)/Uw*100, ) N.D : Not Detected
Data were presented as meanzS.D of three repeated measurement.
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5) Intestinal enterococci

Table 9. The survival number of intestinal enterococci

Elimination
Test substance Sample ID CFU /100 mL Acceptability efficacy
(%)
HL-S06UW-B? 2+1
Uptake water i D) ] ]
(Day 0, Uw) HL-S06UW-M 7+3
HL-S06UW-E? 22+5
Discharged HL-S06CD3-B 2+2
control water HL-S06CD3-M 3+2 - -
(Day3,C3) | 1 _soecD3-E 1+1
HL-S06TD3-B-1 N.D?
HL-S06TD3-B-2 N.D
HL-S06TD3-B-3 N.D
] HL-S06TD3-M-1 N.D y
Discharged Effluent condition:
treated water | HL-S06TD3-M-2 N.D Acceptable 100.09
<100 CFU/ 100 mL
(Bay3,T3) 1 s06TD3-M-3 N.D ( )
HL-S06TD3-E-1 N.D
HL-S06TD3-E-2 N.D
HL-S06TD3-E-3 N.D

a) B: Beginning, b) M: Middle, c) E: End, d) Calculation = (Uw-T3)/Uw*100, ) N.D : Not Detected
Data were presented as meantS.D of three repeated measurement.
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6) Vibrio cholera O1, 0139

Table 10. The survival number of Vibrio cholera O1, O139

Elimination
Test substance Sample ID CFU /100 mL Acceptability efficacy
(%)
HL-S06UW-B? N.D
Uptake water ) b ) )
(Day 0, Uw) HL-SO6UW-M N.D
HL-SOBUW-E? N.D
Discharged HL-S06CD3-B N.D
control water HL-S06CD3-M N.D - -
(Day 3, C3) HL-S06CD3-E N.D
HL-S06TD3-B-1 N.D
HL-S06TD3-B-2 N.D
HL-S06TD3-B-3 N.D
. HL-S06TD3-M-1 N.D
Discharged Effluent condition:
treated water | HL-S06TD3-M-2 N.D Acceptable N.DY
<1 CFU/ 100 mL
(Bay3,T3) | | s06TD3-M-3 N.D ( ML)
HL-S06TD3-E-1 N.D
HL-S06TD3-E-2 N.D
HL-S06TD3-E-3 N.D

a) B: Beginning, b) M: Middle ¢) E: End, d) N.D: Not detected
Data were presented as meantS.D of three repeated measurement.
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2. Validity

2.1 Water parameters measurement

* All measurements were tested more than three times.
» Water parameters were analyzed as soon as possible after sampling.

2.2 Biological efficacy test

« Valid tests are indicated by uptake water, for both the control tank and ballast water to
be treated, with viable organism concentration exceeding 10 times the maximum

permitted values in Regulation D-2.1

SErmplE L (indizvisgul;z/m% (i%]%il\l/rir:jl]:g/ﬂrl]_)
HL-S06UW-B 2,283+ 104 114+ 7
HL-S06UW-M 2,333 £ 257 123+ 9
HL-S06UW-E 3,117 + 325 123+ 9

« Valid test is indicated by control tank viable organism concentration exceeding the

values of Regulation D-2.1 on discharge.

SEEAB (D (indizv?gul;rlrs]/m3) (i%n%il:/r;j&:g/ﬁm)
HL-S06CD3-B 2,000 + 87 18+ 3
HL-S06CD3-M 2,017+ 126 15+1
HL-S06CD3-E 2,667 + 189 17+1

% Regulation D-2 stipulates that ships meeting the requirements of the Convention by
meeting the ballast water performance standard must discharge:

1. less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in
minimum dimension;

2. less than 10 viable organisms per milliliter less than 50 micrometres in minimum
dimension and greater than or equal to 10 micrometres in minimum dimension
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 The samples should be analyzed as soon as possible after sampling.

Date Sample ID Sampling time Test ending time
HL-S06UW-B September, 16"  07:08 08:30
Day 0 HL-S0BUW-M September, 16"  08:10 09:40
HL-S06UW-E September, 16™  09:40 11:20
HL-S06CD3-B September, 18"  09:27 10:12
HL-S06CD3-M September, 18"  10:35 11:14
HL-S06CD3-E September, 18" 11:37 12:12

Day 3

HL-S06TD3-B-1, 2, 3 September, 18" 13:31 14:42
HL-S06TD3-M-1, 2, 3 September, 18™  14:44 15:36
HL-S06TD3-E-1, 2, 3 September, 18" 15:36 16:30
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3. Conclusion
3.1 Biological efficacy in treated ballast seawater by EcoGuardian™ BWMS
* Treated ballast seawater by EcoGuardian™™ system was capable of eliminating organism
larger than 50 um with an efficiency of 99.9 %.
 Treated ballast seawater water by EcoGuardian'™ BWMS was capable of eliminating
organism between 10 and 50 um with an efficiency of 99.9 %.
» Treated ballast seawater by EcoGuardian™ system was capable of eliminating
heterotrophic bacteria with an efficiency of 0 %.
» Treated ballast seawater by EcoGuardian™ system was capable of eliminating
Escherichia coli with an efficiency of 100 %.
* Treated ballast seawater by EcoGuardian'™ system was capable of eliminating intestinal

enterococci with an efficiency of 100 %.
« Vibrio cholera O1, O139 were not detected.
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4. Appendix
Appendix 1. Water parameters at field
1) Uptake water

Temp | Salinity| DO [Turbidity TOC? | DOC® | TSS?

Date | Sample ID | R® | pH C) | (PSU) | (mg/L) | (NTU) | (mg/L) | (mg/L) | (mg/L)

R1 | 7.69 | 2442 | 29.82 | 6.30 8.0 2.685 | 1.732 | 78.0
HL-S06UW-

B R2 | 8.00 | 24.42 | 30.00 | 6.28 7.8 2994 | 1.706 | 76.0

R3 | 803 | 2441 | 30.36 | 5.99 7.6 2.785 | 1.771 | 76.4

R1 | 8.06 | 24.44 | 29.99 | 6.14 7.1 2542 | 1671 | 79.6

Day0 | HL-SOSUW- 105 | 10 | 2443 | 30210 | 607 | 75 | 2752 1520 784

M
R3 | 813 | 2442 | 30.26 | 5.98 7.4 2775 | 1.845 | 77.2
R1 | 8.09 | 24.45 | 29.73 | 6.19 6.5 2911 | 1.773 | 76.8
HL-S?EGUW- R2 | 810 | 2442 | 30.08 | 591 6.6 2998 | 1.765 | 74.0

R3 | 818 | 24.42 | 30.15 | 5.97 6.6 2945 | 1.835 | 75.6

a) R: Replicate

b) TOC: Total Organic Carbon (TOC=DOC+PQOC)
c¢) DOC: Dissolved Organic Carbon

d) TSS: Total Suspended Solids
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2) Discharged Control water and Discharged Treated water

Tem Salinit DO Turbidit TRO

Date | SampleID | R? pH (oc)p (PSU)y (ma/L) (NTU)y o)
R1 7.46 24.53 30.30 5.26 6.1 -

HL-S06CD3-B | R2 7.96 24.45 30.34 531 6.1 -
R3 8.01 24.40 30.35 5.45 6.5 -

R1 7.79 24.50 30.20 5.96 6.9 -

HL-S06CD3-M | R2 7.96 24.43 30.27 5.67 6.8 -
R3 8.10 24.40 30.29 5.66 6.2 -

R1 7.91 24.51 30.21 5.80 6.6 -

HL-S06CD3-E | R2 8.05 24.46 30.28 5.59 6.5 -
R3 8.13 24.44 30.27 5.60 6.2 -

R1 7.94 24.76 30.47 5.87 7.6 0.09

HL-S06TD3-B-1 | R2 8.07 24.62 30.63 5.99 8.2 0.10
R3 8.18 24.62 30.63 5.97 8.3 0.13

R1 8.07 24.62 30.47 5.95 6.6 -

HL-S06TD3-B-2 | R2 8.20 24.57 30.62 6.09 6.9 -
R3 8.29 24.56 30.62 6.06 6.8 -

R1 7.98 24.62 30.52 5.84 6.5 -

HL-S06TD3-B-3 | R2 8.22 24.58 30.62 5.94 6.9 -
Day3 R3 8.29 24.57 30.64 5.99 6.9 -
R1 7.94 24.64 30.48 5.94 6.7 0.08
HL-S06TD3-M-1| R2 8.21 24.58 30.61 5.40 6.7 0.09
R3 8.28 24.59 30.64 6.25 7.0 0.09

R1 8.30 24.57 30.65 5.72 7.0 -
HL-S06TD3-M-2 | R2 8.28 24.57 30.65 5.72 6.9 -
R3 8.20 24.72 30.09 5.61 6.5 -

R1 8.25 24.64 30.53 5.78 7.0 -
HL-S06TD3-M-3| R2 8.16 24.60 30.62 5.89 7.0 -
R3 8.22 24.58 30.63 5.93 7.1 -

R1 7.99 24.62 30.61 5.84 7.2 0.05

HL-S06TD3-E-1 | R2 8.06 24.59 30.63 5.86 7.5 0.08
R3 8.14 24.57 30.63 5.93 7.4 0.09

R1 7.92 24.65 30.47 5.81 7.7 -

HL-S06TD3-E-2 | R2 8.03 24.59 30.62 5.96 9.3 -
R3 8.13 24.58 30.63 5.98 12.1 -

R1 7.99 24.67 30.58 6.04 8.0 -

HL-S06TD3-E-3 | R2 8.15 24.62 30.62 6.27 10.7 -
R3 8.16 24.60 30.62 6.26 8.9 -
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Appendix 2. The survival number of > 50#m organism in uptake water(Influent water)

i 3
SamPle | Classification | S| R19 R2  R3 ndividuals/m
Mean s.D"
Parvocalanus crassirostris 7 3 4 233 104
Acartia sp. 7 6 7 333 29
Cirriped larvae 4 5 5 233 29
Paracalanus parvuss. l. 6 2 7 250 132
SOgIUIVV-B Oithona sp. 5mL 6 9 7 367 76
Nauplius 15 15 13 717 58
Corycaeus sp. 2 2 0 67 58
Labidocera sp. 0 0 2 33 58
Polychaeta larvae 1 2 0 50 50
Parvocalanus crassirostris 4 0 2 100 100
Acartia sp. 4 6 9 317 126
Cirriped larvae 3 4 4 183 29
Paracalanus parvuss. I. 3 1 5 150 100
SOGTJIY/;/-M Oithona sp. 5mL 12 15 16 717 104
Nauplius 14 17 12 717 126
Labidocera sp. 0 1 0 17 29
Centropages sp. 0 1 0 17 29
Polychaeta larvae 1 3 3 117 58
Parvocalanus crassirostris 4 8 4 267 115
Acartia sp. 6 6 8 333 58
Cirriped larvae 0 1 4 83 104
Paracalanus parvuss. |. 17 13 20 833 176
Oithona sp. 21 20 23 1,067 76
SopE Nauplius smL | 3 | 3 | 2 133 29
Centropages sp.1 0 1 0 17 29
Centropages sp.2 1 1 0 33 29
Labidocera sp. 1 2 3 100 50
Corycaeus sp. 0 3 3 100 87
Polychaeta larvae 3 4 2 150 50

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 3. The survival number of > 504n organism in discharged control water

PR 3
Sample | Classification Conng | RiY R2 R3 ndividuals/m
Mean s.D"
Paracalanus parvuss. l. 3 6 6 250 87
Acartia sp. 5 2 3 167 76
Parvocalanus crassirostris 4 6 2 200 100
Oithona sp. 21 25 24 1,167 104
SOEICI:_IS-B Corycaeus affinis 5mL 2 0 2 67 58
Labidocera sp. 3 0 2 83 76
Nauplius 0 1 0 17 29
Centropages sp. 0 0 1 17 29
Polychaeta larvae 0 1 1 33 29
Paracalanus parvuss. l. 7 10 7 400 87
Acartia sp. 6 2 2 167 115
Parvocalanus crassirostris 3 3 4 167 29
Oithona sp. 20 16 15 850 132
806|_(|:|B-M Labidocera sp. 5mL 5 5 6 267 29
Cirriped larvae 1 0 1 33 29
Corycaeus affinis 0 1 1 33 29
Centropages sp. 0 1 1 33 29
Polychaeta larvae 1 0 3 67 76
Paracalanus parvuss. I. 18 19 17 900 50
Acartia sp. 4 6 7 283 76
Parvocalanus crassirostris 7 8 13 467 161
Oithona sp. 10 10 9 483 29
SOEI(I:_[-)-E Corycaeus affinis 5 mL 2 0 2 67 58
Labidocera sp. 4 3 3 167 29
Cirriped larvae 3 7 4 233 104
Centropages sp. 1 1 0 33 29
Polychaeta larvae 0 1 1 33 29

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 4. The survival number of > 504m organism in discharged treated ballast
seawater by treatment of EcoGuardian"™ system

Sa:rl:l)ple Classification C\:/%lIJSrt'rgg individuals/m?®
HL-S06TD3-B-1 - -
HL-S06TD3-B-2 - 250 mL -
HL-S06TD3-B-3 - -
HL-S06TD3-M-1 - -
HL-S06TD3-M-2 - 250 mL -
HL-S06TD3-M-3 Nauplius 1
HL-S06TDS3-E-1 - -
HL-S06TD3-E-2 - 250 mL -
HL-S06TD3-E-3 - -

a) R: Replicate
b) S.D: Standard deviation
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Appendix 5. The survival

number of 10#m - 504m organism in uptake water(Influent

water)
Sample | cgsification | UMY Rga Ry R3 ndividuais/mi
ID volume Mean s.D"
Prorocentrum sp. 13 21 7 14 7
Tintinnopsis sp. 2 1 2 1
Rhizosolenia sp. 0 0 2
Stephanopyxis sp. 12 5 8 4
HL- | Thalassiosira sp. 42 36 30 36 6
So6UW . 1mL
B Ceratium sp. 7 2 10 6 4
Chaetoceros sp. 22 40 32 31 9
Eucampia sp. 0 7 26 11 13
Pleurosigma sp. 5 4 2 2
Unknown 0 1 1
Pleurosigma sp. 6 6 2
Leptocylindrus sp. 6 9 2
Thalassiosira sp. 37 42 22 34 10
Eucampia sp. 6 0 9 5
HL - Tintinnopsis sp. 3 1 1 1
S06UW Chaetoceros sp. 1mL 16 20 36 24 11
"M Ceratium sp. 13 RGN | 7 10 3
Prorocentrum sp. 24 26 23 24 2
Stephanopyxis sp. 14 12 8
Rhizosolenia sp. 1
Unknown 1
Prorocentrum sp. 32 36 26 31 5
Leptocylindrus sp. 2 8 5 3
Diploneis sp. 0 0 0 1
HL - Thalassiosira sp. 32 40 36 36 4
S06UW Ceratium sp. 1mL 7 8 9 8 1
‘E Chaetoceros sp. 36 22 32 30 7
Eucampia sp. 14 4
Pleurosigma sp. 1
Tintinnopsis sp. 3

a) R: Replicate
b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 6. The survival number of 104m - 504m organism in discharged control water

i individuals/mL
Sample | classification | UMY Ryd Ry R3 .
ID volume Mean sS.DY
Thalassiosira sp. 11 4
Melosira sp. 1 2
HL- Ceratium sp. 2 0
0.5mL
S06CD3-B Unidentified
. 0 0 1 1 1
diatom
Unidentified
dinoflagellates ! 3 ! 3 2
Thalassiosira sp. 2 4 3 6 2
Chaetoceros sp. 1 0 0 1 1
HL- Melosira sp. 0 1 2 2 2
S06CD3-M | Unidentified | 0> ™"
. 1 1 1 2 0
diatom
Unidentified
dinoflagellates 3 2 1 4 2
Thalassiosira sp. 4 3 2 6 2
Melosira sp. 2 2 0 3 2
Ceratium sp. 2 1 0 2 2
HL-
S06CD3-E | Chaetocerossp. | OSmL o 2 0 1 2
Cochlodinium
polykrikoides g g 5 3 6
Unidentified
dinoflagellates . . z 2 2

a) R: Replicate

b) S.D: Standard deviation
Some species were rare, the standard deviation was high.
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Appendix 7. The survival number of 10um - 504m organism in discharged treated ballast
seawater by treatment of EcoGuardian"™ system

Sample
ID

Classification

Concentraﬂ Counting

ion factor”

R1%
volume

R2

R3

individuals/mL

Mean

s.D?

HL-
S06TD3-
B-1

Cochlodinium
polykrikoides

Unidentified
dinoflagellate

HL-
S06TD3-
B-2

HL-
S06TD3-
B-3

X 20

0.1

0.0

0.2

0.1

0.5mL

0.0

0.0

0.0

0.0

HL-
S06TD3-
M-1

Unidentified
dinoflagellate

HL-
S06TD3-
M-2

HL-
S06TD3-
M-3

X 20

0.1

0.1

0.5mL 0

0.0

0.0

0.0

0.0

HL-
S06TD3-
E-1

HL-
S06TD3-
E-2

HL-
S06TD3-
E-3

X 20

0.0

0.0

0.5mL 0

0.0

0.0

0.0

0.0

a) R: Replicate
b) S.D: Standard deviation

c) Concentration factor: Treated water was concentration 10 L to 500 mL by 5 um net.
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Appendix 8. The number of heterotrophic bacteria in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date | Sample ID 2‘;1‘;%‘;” R1? R2 R3 CRUImt :
Mean S.D
HL-SOBUW-B 0 0 0 0 0
Day 0 | HL-SOBUW-M | x50 1 1 0 33 29
HL-SOBUW-E 1 3 2 100 50
HL-S06CD3-B 12 15 1 317 52
HL-S06CD3-M | x 25 4 4 5 108 14
HL-S06CD3-E 7 7 4 150 43
HL-S06TD3-B-1 INTC®  TNTC  TNTC - i
HL-S06TD3-B-2 TNTC ~ TNTC = TNTC i i
HL-S06TD3-B-3 TNTC ~ TNTC = TNTC : i
Day 3
HL-S06TD3-M-1 TNTC ~ TNTC = TNTC i i
HL-S06TD3-M-2| - 208 182 207 199 15
HL-S06TD3-M-3 154 149 142 148 6
HL-S06TD3-E-1 TNTC ~ TNTC = TNTC i i
HL-S06TD3-E-2 TNTC ~ TNTC | TNTC i i
HL-S06TD3-E-3 TNTC ~ TNTC = TNTC i i

a) R: Replicate
b) S.D: Standard deviation
¢) TNTC: Too Numerous To Count

Page 23



Test Report SET-14-006

Appendix 9. The number of Escherichia coli in uptake water, discharged control water
and discharged treated water by treatment of EcoGuardian'™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CFU/100mE ,
Mean S.D
HL-S06UW-B 12 17 26 18 7
Day0 | HL-SOBUW-M | 100mL | 27 36 31 31 5
HL-S0BUW-E 62 52 43 52 10
HL-S06CD3-B 4 2 4 3 1
HL-S06CD3-M | 100mL | 5 3 1 3 2
HL-S06CD3-E 2 2 0 1 1
HL-S06TD3-B-1 0 0 0 0 0
HL-S06TD3-B-2 0 0 0 0 0
HL-S06TD3-B-3 0 0 0 0 0

Day 3

HL-S06TD3-M-1 0 0 0 0 0
HL-S06TD3-M-2| 100mL | 0 0 0 0 0
HL-S06TD3-M-3 0 0 0 0 0
HL-S06TD3-E-1 0 0 0 0 0
HL-S06TD3-E-2 0 0 0 0 0
HL-S06TD3-E-3 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Appendix 10. The number of intestinal enterococci in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CRUTI00mL ,
Mean S.D
HL-S06UW-B 1 2 3 2 1
Day0 | HL-SOBUW-M | 100mL = 6 10 4 7 3
HL-S0BUW-E 17 24 26 22 5
HL-S06CD3-B 0 4 2 2 2
HL-S06CD3-M | 100mL | 3 4 1 3 2
HL-S06CD3-E 2 2 0 1 1
HL-S06TD3-B-1 0 0 0 0 0
HL-S06TD3-B-2 1 0 0 0 0
HL-S06TD3-B-3 0 0 0 0 0

Day 3

HL-S06TD3-M-1 0 0 0 0 0
HL-S06TD3-M-2| 100mL | 0 0 0 0 0
HL-S06TD3-M-3 0 0 0 0 0
HL-S06TD3-E-1 0 0 0 0 0
HL-S06TD3-E-2 0 0 0 0 0
HL-S06TD3-E-3 0 0 0 0 0

a) R: Replicate
b) S.D: Standard deviation
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Appendix 11. The number of Vibrio cholera O1, O139 in uptake water, discharged control
water and discharged treated water by treatment of EcoGuardian™ BWMS

Date sample 1D Iglsj'nqg RI®” R2  R3 CRUTI00mL ;
Mean S.D
HL-S06UW-B 0 0 0 0 ;
Day0 | HL-SOBUW-M | 100mL | O 0 0 0 ;
HL-S06UW-E 0 0 0 0 -
HL-S06CD3-B 0 0 0 0 -
HL-S06CD3-M | 100mL | 0 0 0 0 .
HL-S06CD3-E 0 0 0 0 .
HL-S06TD3-B-1 0 0 0 0 .
HL-S06TD3-B-2 0 0 0 0 -
HL-S06TD3-B-3 0 0 0 0 -

Day 3

HL-S06TD3-M-1 0 0 0 0 -
HL-S06TD3-M-2| 100mL | 0 0 0 0 .
HL-S06TD3-M-3 0 0 0 0 ;
HL-S06TD3-E-1 0 0 0 0 ;
HL-S06TD3-E-2 0 0 0 0 -
HL-S06TD3-E-3 0 0 0 0 -

a) R: Replicate
b) S.D: Standard deviation
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Appendix 12. The microscopic image of > 504m in uptake water (Day0)

Uptake water (Day 0)

Parvocalanus crassirostris* Acartia sp.* Cirriped larvae*

Paracalanus parvus s. I.* Oithona sp.* Nauplius**

Centropages sp. 1* Centropages sp. 2* Corycaeus sp.*

Labidocera sp.* Polychaeta larvae*

* Maghnification : 20
** Magnification : 40
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Appendix 13. The microscopic image of >504m in discharged control water (Day3)

Discharged control water (Day 3)

Paracalanus parvus s. |.* Acartia sp.* Parvocalanus crassirostris*

Oithona sp.* Corycaeus affinis* Labidocera sp.*

Cirriped larvae* Nauplius** Centropages sp.

Polychaeta larvae*

* Magnification : 20
**Magnification : 40
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Appendix 14. The microscopic image of > 50 #n in discharged treated water by treatment
of EcoGuardian™ BWMS (Day3)

Specific Name Discharged treated water

Nauplius * ¢

* Maghnification : 20
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Test Report

SET-14-006

Appendix 15. The microscopic image of 10umn—504m in uptake water (Day0)

Specific Name

Uptake water

Optical

Fluorescence

Prorocentrum sp.

Tintinnopsis sp.

Rhizosolenia sp.

Stephanopyxis
sp.
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Test Report SET-14-006

Thalassiosira sp.

Ceratium sp.

Chaetoceros sp.

Eucampia sp.

Pleurosigma sp.
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Test Report SET-14-006

Leptocylindrus sp.

Diploneis sp.

Unknown

Magnification : 200
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Test Report

SET-14-006

Appendix 16. The microscopic image of 10um—504m in discharged control water (Day3)

Specific Name

Discharged control water

Optical

Fluorescence

Thalassiosira
sp.

Melosira sp.

Ceratium sp.

Diatom
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SET-14-006

Unidentified
dinoflagellate

Chaetoceros sp.

Sl

100 pm

Cochlddinium
polykrikoides

Magnification : 200
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Test Report

SET-14-006

Appendix 17. The microscopic image of 10#m—504m in discharged treated water by
treatment of EcoGuardian™ BWMS (Day?3)

Specific Name

Discharged treated seawater

Optical

Fluorescence

Cochlodinium
polykrikoides

Unidentified
dinoflagellate

Magnification : 200

Page 35



Test Report SET-14-006

Appendix 18. The image of heterotrophic bacteria

Uptake water (Day 0)

Beginning Middle End

HL-Sob0W-& X559 %76

Discharged control water (Day 3)

Beginning Middle End

x5° 9,18
Uv- S06 CPI-T XD Wi /f

Discharged treated water (Day 3)

Beginning Middle End

HL=SobW -5 9.8
5ot -], 4418
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Test Report SET-14-006

Appendix 19. The image of Escherichia coli

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 3)

Beginning Middle End

Discharged treated water (Day 3)

Beginning Middle End
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SET-14-006

Test Report

Appendix 20. The image of intestinal enterococci
Uptake water (Day 0)

Middle

Beginning

Discharged control water (Day 3)

Beginning Middle End

Discharged treated water (Day 3)

Beginning Middle End

Ammamas
|
ani
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Test Report SET-14-006

Appendix 21. The image of Vibrio cholera O1, 0139

Uptake water (Day 0)

Beginning Middle End

Discharged control water (Day 3)

Beginning Middle End

Discharged treated water (Day 3)

Beginning Middle End
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Test Report SET-14-006

5. Attachment

5.1 Sampling check & custody Sheet

5.2 Freezing keeping sheet

5.3 Water parameter measurement sheet (1)

5.4 TOC measurement sheet

5.5 TSS(Total suspended solid) measurement sheet
5.6 Microbiology Test Sheet

5.7 Test Result sheet with Microbiology

5.8 Vibrio cholera O1, 0139

5.9 Test Result Sheet — Classification (I1)
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Sampling check & custody Sheet

)
E

“)

G
—a

o
24t

&1 sﬁn

TSS
DOC, POC
Bacteria (4 item)” / HDPE S | B2
hOrgams;r_l (10~50 pn pm) " | HDPE | [ 03
I.-Orgamsm (250 pm)  |ioeol Foo51] HDPE | =y .’)fy

o Treated water 0 Treated water (Neutralized)

Bacteria (4 item) ©

Organism (10~50 pm)

Organism (=50 pm)

| Orgamsm (=50 pm)
Organism (10-50 pm) — (L) net 5 um

TSS . Sep. [e" o270

DOC, POC Erpeaa(20C) ~ Sep. 8% gpe0
Bacteria (4 item) Refrigerator(4 C) L’/_/,_/—. —_—
Remarks

* First, fill a 1~20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 pm), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity

* Separately, organism(=>50 pm, 10 ~ 50 pm) sample was concentrated with net.

* Storage time of “bacteria sample” is for “heterotrophic bacteria test”

* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 6 mL HCI of 2 L sample)

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™) start time for treated(or neutralized) sample :

of. W Gun ok Lot (Ao

o?t\‘o 4\AV\ "l< Lee (ﬁ@"

a) Concentration b) Period
¢) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

Busan Techno ~Park .
e Worksheet-Field-001-2(3
A Marine Bio~industry Development Center @



Sampling check & custody Sheet

DOC, POC HDPE
Bacteria (4 item) ” / HDPE = 22
Organism (10~50 pm) / HDPE / a3

Organism (=50 pm)  [0oo/ 50351 HDPE P o

| \m/Treated water O Treated water (Neutralized)

Bacterla (4 item) o [ / |
Orgamsm (10~50 pm) /0[;7) o s
Organism (=50 pm) poof =5

Organism (=50 pm)

Organism (10-50 pm)

TSS .
» Freezer(-20 C)

DOC, POC .

Bacteria (4 item) Refrigerator(4C) e

Remarks

* First, fill a 1~20L HDPE( high density poly ethylene) bottle with water sample,
and split the water sample up into groups (bacteria, organism (10~50 um), and so forth)
Then measured water parameters(5 item) - pH, Temperature, Salinity, DO, Turbidity

* Separately, organism(>50 pm, 10 ~ 50 um) sample was concentrated with net.

* Storage time of “bacteria sample” is for “heterotrophic bacteria test”

* TSS and DOC and POC samples are acidified(pH<2) with HCI (in 6 mL HCI of 2 L sample)

Working(pump) start time for Test water(or control water) sample :
Working(pump and EcoGuadian™ ) start time for treated(or neutralized) sample :

Sep . (oth

Sunok Lee  gpdt

Sun ok | oo ASen)

| nation jep . pth-
a) Concentration b) Period
c) Bacteria (4 item) - Heterotrophic bacteria, Coliform, Vibrio cholera, Enterococcus group

o Busan Techno -Park Worksheet-Field-001-2(3)

Marine Bio-industry Development Center



Freezing keeping sheet

(Of sample for measurement of water parameter)

2014
Sample Test water Sampling time Day 0
Storage place Freezing room Storage Condition 20 C
Study number Test number SET-14-006
No. Sample ID Labeling Storage Date & time Personnel
1 [HLS060W —R A/B/C )| Q1lb  / 1000
2 |HL-COUW -M A/B/O| @i /10200
3 |HL-COTW —E A/B/C )| 96/ 1000 .
4 " |arBr) / Lee ok %
5 _—— |a/Ba) =
6| _— A/B/() /
7 Aarsre /
8  |a/Bi) 4
9 / A/B/) iy
10 e A/B/C ) / (sign
1| A/B/ ) ///
12 A/B/C ) /
13 AlarB i) / A
14 7 |asBaC) ;S
15 2 A/B/) 1
16 pd A/BA) e Gign)
17| A/BIO|
18 A/B/C )|/ /
Remarls
Confirming date 43{) (6 Confirmed by lze 4@0L Jm _Asign)

A= Busan Techno - Paork
. Mering Bio-industry Development

Worksheet-Field-009(2)



’é?f? bp-0
Water parameter measurement sheet (1)

R - - o0

MDayO oDayl aoDay2 oDay3 oDay4 oDay5 oDay( )
o pH, Temp., Salinity, DO /NSLO{20 o Turbidity / \$T 420

¥ Uptake water -/ ‘ ” ‘4 8.0
46

o Discharge treated watk .
ammﬁ R3 fLo2 >4 4| 20. 2 505

(Neutralized water )
oBVGoM(oE() | WS )  0f] - o9 °n0%
of Uptake water RI | R ob[2444 (2759 | &/ | 2.,
oDdageeomdlvater [™py ™| (g |4 A3 (20 > | Loy | T~ | /
oDichageteaedwaer | R3 | & |3 [24.42[%0.24 L9 | v #
(Neutralized water') o
5B oMWioE( ) | e | o § - % op: 0 &
WUptke water RI | p. o7 |54 45 3593 | 673 <

z

| 5.
D | Rz &0 442 300 2.5 |2 ¢ | 7
A

sl IS S )P a2 [ 20./5 ﬁ?f?

B oM 0B | Mesieie | O ]y 711
o Uptake water R1
01 Discharge control water R2
1 Discharge treated water
0 Discharge treated water R3
(Neuralized water) —
aB( )oM( )oE( ) | MeSme /
o Uptake water R1 /
o Discharge control water R2 /
o1 Discharge treated water
01 Discharge treated water R3 /
(Neutralized water) _ /
0B )oM( )oB( ) | T
0 Uptake water R1 /
0 Discharge control water R2 /
0 Discharge treated water .
o Discharge treated water R3 pd
(Neutralized water ) .
- = = Measurng time
TR T
200, 9. (b wnel | [ \e  fla Ly (G ]

sertf §.1b

: ) B{A! /v(l!p\ %’%bgﬁgm

& Busan Techno—Park .
/ﬁ Marine Bio-industry Development Center Worksheet-analysis-001-3(3)



Water parameter measurement sheet (1)

oDay0 oDayl 2Day2 &Day3 oDay4 oDayS aDay(

)

o pH, Temp., Salinity, DO /

a Turbidity /

Busan Techno—Park
7€ Marine Bio-industry Development Center

1 Uptake water R1 17 £ 2¢.57 | 3.5~ k.24
i control water
Do | | 7.% | 245 |zece |63 |6 | 7
0 Discharge treated water R3 %. ol 26 % | .35 | 5.45 6.5
(Neutralized water ) — : ﬁ
VBO)oM(yog() | M| 09116/ p? (T |
DUPtakewaIﬂ‘ R1 7. 79, 24, 9O 30, »o 5. 94 €. 9
whstageoomolvar | Ry |7 94 |24 -t 30.00 [ 5.4q | 6.5 /
0 Discharge treated water R3 g. [e 24 4= [335.29 5.¢< 6.2
(Neuralized water) il To- '
GBS R ) | Mesmeime | 10229/ 32|
DUM%W R1 7.9 2451 | 83.2f 5.36 6.4
0 Discharge treated water R2 |B oY |[244¢ [30.23 | 5.59 | 65 A
umumdwm R3 R.13 2449 3 27 | 5. 6é¢ 6 2
(Neutralized water ) — ' .
0 Uptake water R1 oYy | 2499 |30.490 |53 | 74 6.29
gmmwm““ﬁ R2 By |rg e |20 & 5 .99 9.2 o.fQ
i treated water R3 T 13 |np¢.62 [|20.63 |&5.99 | .3 O-1Y
(Neutralized water ) — Y/ ,
DU?takewata' 1 R1 R0 24 e 2. ] .95 G. £
Dicpreanivar | K2 |20 [2p4n 300 1609 1 69 | /
i Discharge treated water R3 3. 29 2¢ 56 3562 4.4 6.9
(Neutralized water ) —
EB(yoM )Ly | e |13 29/ (330
DUptakewata' R1 n R 2 6% 256 2 L;-QL/ €-5
v | R |g0x [o¢ 58 [soex |59 ] 69 [ /
Discharge treated water R3 2.29 |24 57 |3 €s | 5.99 | €9
(Numalmdwaea) — . _ :
— Memsrigtime | [3.347 | {3 . 39
[2-4lg
(g

Worksheet-analysis-001-3(3)



Water parameter measurement sheet (I)

oDay0 oDayl %Day2 YwDay3 woDay4 oDay5 aDay(

S

)

o pH, Temp., Salinity, DO /

a Turbidity /

i

A

uUPtakewaxer I R1 " 7].9% | 2469 | 3» 5 99 ) @_
Eomg;mﬁ R2 B32) 29458 [3.¢) | 599 6.9 12>
¥1 Discharge treated water R3 R.23 24,59 | 25 LF £ >¥ 7. o .09
SB)eM(oE ) | Ve | B 44 /1543
DUptakewzmr R1 4 3 24 9/7 39. £$ 5.9 7.
e | R | g9 [2p 57 [30.68 | 5002 |69 | /
wDischarge treated water R3 7.2 |2¢ 0 | 25.09| & 4l -8
(Neutralized water ) — B
"B )EM@ )or( ) | Vet |27 5F /(22 5)
0 Uptake water 7 o
oUplevaer | R1 | |24 7| 3053 |5.09 | no /|
01 Discharge treated water R2 . 1L 24 4o | 3.6 | F, B2 h.o /
Discharge treated water DY _ - T ‘
Neutialized vater) R.3. 3 )..L ;M— 5% | 3. 63 | 5-93 17, 1
oBO)EMG)oE ) | M |4 08 /14 toh
0 Uptake water RI .99 |24.62 |3o. 6 | £ 3¢ | 72 0-0¢
ODkdbmgeantolvatr | gy [ged  |24.69 [30.63 | 5.36 | n.8 |0 o3
¥ Discharge treated water R3 2 Y 24 1) 3v. 63 | 5.973 n 4 o.09
B oMOWE() | MSmeT | /4 12 /) g (P
0 Uptake water R1 n 92 |24.464 |F0. 47 | 5.3 1. 7
ohstagonoweT | R2 [§.03 2459|3061 |5 9< | 9.3 /
tyDischarge treated water R3 13 |24.63 |37 |4,93 |(2e/ /
i’ S PR 2 /e 2
oB oM )iy | Messieim | 14 - g 25
r1 Uptake water R1 98 24 67 | 3.58 |6 .04 &/
5.29 oo /
6. 24 | .9

Busan Techno—Park

Marine Bio-industry Development Center

oniel | Voo - souq gy
£ S(AV] ) I( LE@, /ﬁz

Worksheet-analysis-001-3(3)



TOC measurement sheet

SET- 14— 006
High Tewferddre cop pzn Variy 10C  Cube
) Day 0 //
ep AT 1009 Cep 10" 24190
. T~ | TOC(mgnL) DOC¢mgd) | P | Remarks
Samplel & IofNo~_ | e P R
2L |.N32
- - 2.99¢ r.n09f,
HL-CoLUW - & 2. N3¢ /AN | Vo3
Aver.: 2.34° Aver.: /. N3/
2.5% (.71
HL=-S0LWw -V 2 NS rs2
° > N5 /.5 ' 063
Aver.: 2.[9© Aver. : [.\552/
, 2 AU 13
HL=S 0bUW T > .97 [.0bs \ 120
2 .94y /339
Aver.: 2.9)) Aver.: /- 191
Aver. : Aver. :
Aver. : Aver. :
Aver. : Aver. :

| * POC =TOC - DOC

pemonnel | e 57 —sun A

S (sign)
G e

£ N T S ==
RN Lee ST ~Sn - E|

Busan Techno—Park
‘76 Marine Bio-inclustry Development Center

Worksheet-ANL-005(2)



TSS(Total suspended solid) measurement sheet

Buscin Tenh

e
iy

A . N o .
/b Maring Bis-raustes De sloome

20 14+
Study number Test number §ET- 4~ ool
Test period 4@{7- (e ~~ 4((7. (9 Equipments Dry oven, Balance, Desiccator
Reception time of i , > o000
st 5@[)., (% /G 20 Sample pretreatment time Z
Sample ID R" Sample Volume | Filter paper | ® +SS Weight | SS Weight Result Average
(Lot No.) (mL) Weight - @ (g) @ @ (mg/L) (mg/L)
RI| 250 24 3)22 24. 3319 0.019% Mg . o
hso -
=306 -B Teal ™ 5 o0 35 9564 [25.9¢94 | o.2190 765 76 3
R3] 250 25 . 0223 25 o414 o.>19) né&. <
RI| 2560 4. 4l g 245 4215 ©.=199 79.¢
HL-Sogow-M |R2] 2 5o 26,313 26 .3309 o.o(19¢ 78 . 4 8.4
R3] 250 24 . 4399 26 . 50690 6 o193 7. 2
RI| 250 27 6&lo 27. o6y 6 o192 76 . 3
HL-Soéuw-E |R2 256 25 . 0533 25, 07033 c.oly 74 o 75‘)“
R3] 2506 Ab6.333% 26, 3521 6.0[39 75 . ¢
R1
R2 /
R3 //
R1
R2
R3
R1
Remarks
Working Date 2= +h sep Study Personnel Tonng -~ m , 574 %{s«gny
Certificate Date S o Study Director =2, G =Sum //%
" Replicate 5 R
Worksheet-analysis-004(3)



Microbiology Test Sheet

’:"(‘-‘. | o B _ )
est number SET- 14~ 004

oDay4 oDay5 o Other( )

ofUptake water 0 Discharge control water 0 Discherge treated water 0 Other( )

Autoclaved Distilled water/ADW-131122

Start : Team, J4¢, Humidity : £0 % P.H. /End : Team?8 C, Humidity : 7/ % P.H.
TR T YR o i S R B
0 Marine agar 0O Marine agar 0 Marine agar agar
Y Acrobic Courter Pate | 0 Aerobic CourterPlte | 0 Acrobic Cowrter Pt | 11 Aerobic Counter Pl
{omTEC omBI |[¥mTEC omEl |omTEC mEl |omTEC omEI
| o TCBS o TCBS o TCBS JTcBS
9.5 U o1 7.5
0 Membrane filter &YMembrane filter ¥ Membrane filter Membrane filter
| 0 Spread method 0 Spread method o Spread method 0 Spread method
| ¥3M™Petri film | 03M™Petrifiln | 0 3M™ Petrifilm | 0 3M™ Petri film
U 7 b %
25T o25T o025 7T 025 T
¥350C () {350C (/) 0350C () 350C ()
041 T 041 T W41 T 041 T |
D445T () Y445 C (5) o0d445C () 0d445T ()
o2hr () &2 hr () o2hr () o2hr ()
o2br () 22 hr (2) o2h () n22hr ~ ()
044 hr 024 hr Y24 hr W24 hr
o( )hr () o( )br () o( )br () o( )bhr ()
B () e ) Lew () Leow o)
2 Yo ion IR 21 S A T4z
g’;]t? ! é\tié n?:;\:q = /.?év{ aﬂ;;r = /%;g‘lf qrﬁ-‘iﬁ'iﬂ /dﬁ‘;“s‘;t.
\ \ ‘ \ (90 109 | o0 \90 [ joo | (0O (oo [ (00 100
ol xiol s h el
XloD| X100 | piov -
5w |e bl wv|e b |M|® B |M|E

Remarks: The test of bacteria can have sample holding time.
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)

BSMB-QS-06-04(2)

Busan Techno~-Park

Marine Big-indusfry Development Center

A




Microbiology Test Sheet

SET - 1f-p0b

oDay0 oDayl '%ay 2 \Z(Day 3 u] Day 4 oDayS5 o Other( )

0 Uptake water A Discharge control water 0 Discharge treated water 0 Other( )

Autoclaved Distilled water/ADW-131122

e s
SR gt ST e Bt B A e e NS DR TR Ffey T S50 A 101 2y Lty
o Marine agar o Marine agar o Manne agar O Marine agar
¥ Aerobic CounterPite | 0 AerobicCounterPlate | 0 AerobicCourterPlate | o Aerobic Counter Plte
omTEC o©omEI ¥'mTEC o mEI omTEC &'mEI omTEC o mEI
o TCBS o TCBS o TCBS dfcBs
Y g q, 5 9,7 9.5
| o Membrane filter M1 Membrane filter o¥embrane filter E’K/Iembrane filter
O Spread method . | o Spread method o Spread method O Spread method
| ¥3M™Petrifilm | o3M™Petrifilm | o 3M™ Petrifilm | 0 3M™ Petri film
3 2 3 =
o025 7T o025 T o257T n25TC
{M350C () ¥350C () 0350C () ¥350C ()
n41 C 041 T k41 C 041 C
044.5C () d445C (2) 0445C () 0445TC ()
a2hr () N2 hr () o2hr () o2hr ()
a22hr () W22hr  (2) o2hr () o22hr ()
W24 hr 024 hr 24 br W24 hr
W( )hr () o( )br () o( )hr () o( )br ()
o( )he () o( )br () o( )br () o( )br ()
7722 73 a7y 90 Gz 7R v
| oLy i/ : e N 0} ¢
i /,1 /fl ugé 1/16 ?L} ///0 ﬁ{ L /“0 &% //D/ fgl //I/ .‘w‘j/
/ i 100 | 1eo | /op \ leo| /oo /00 o \reo|/to\
28| ¥25 | %25
x5 | x5D | k6D \ - \ T~ \ ™ \
E|M|E B |lm|E Bl M|E B | M|E
Remarks: The test of bacteria can have sample holding time. A q-10 Aok 3*| M‘f
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™)
2ol 9,18 Min - Jr K(M \@ﬁi
¢ "

Busan Techno—-Park BSMB-QS-06-04(2)
7& Marine Bio-industry Development Center



Microbiology Test Sheet

0Day0 oDayl oDay?2 ﬂr’l/)ay 3 o Day 4 o Day 5 o Other( )
0 Uptake water 0 Discharge control water Erﬁlsclmgenmtedwater a Othex( )
Autoclaved Distilled watet/ADW-131122
Start : Teamaj;3,'C, Humidity :%% % P.H. /End : Team. 24 T Humldlty 5] %P.H.
TR R R L P fREEY: _m
st b e i
0 Marine agar o Marine agar a Marlne agar 0 Marine agar
& Acrobic Counter Plte | 0 Aerobic CourterPlte | 0 AerobioCourterPlate | 0 Aerobic Counter Plate
omTEC omEl |YmTEC omEl |omTEC &mEI |omTEC omEI
o TCBS o TCBS o TCBS ¥ TCBS
9.5 2.9 75
0 Membrane filter tYMembrane filter &' Membrane filter fMembrane filter
o Spread method o Spread method o Spread method O Spread method
:\A\J&m Petrifilm  |o3M™Petri film | 03M™Petrifilm | o 3M™ Petri film
9 2 % 7
o025 T o25T 0D25T 0257TC
| §/350C () 350C (/) 0350C () 350C ()
1041 T 041 C 41T D4l T
0445C () ¥445T (1) o445C () 0445C ()
o2hr () %2 hr ) o2hr () o2hr ()
o2hr () §22hr (D) o2hr () D22hr ()
\n/24 hr o24 hr 1564 hr ﬂl/24 hr
a( )br () o( )br () o( )hr () o( )hr ()
o( )br () o( )br () D()hf()m o( )bhr  ()p
159 2355 N1 T2 2 85 2L 225 2312 53 2153
‘f\'?sp /).j i S /2‘421‘.:% Y 2 )7;':4? 2y
PN Lo [ o] el [ wo | | [ (e [0\
T ’ T~
o S AV A = AN I = AN I =
E’T B2 E'g B‘ l?z B? R, Ez B) 8’1 Bz 83
Remarks: The test of bacterla can have sample holding time. ®,b) deleted by MiJi kim \)@5’
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”)
7\)]1[» q,)é \y\ J! KIW\ kgmﬁ‘;[
2O P IE Fun ole (ep GBI

BSMB-QS-06-04(2)

Busan Techno—-Park

Marine Bio-industry Development Center

A



Microbiology Test Sheet

200{
A R RN I
". h % oDay0 oDayl o Day 2 Ev/ Day 3 o Day 4 o Day 5 o Other( )
; o Uptake water 0 Discharge cortrol water  Discharge treated water 0 Other( )
Autoclaved Distilled water/ADW-131122
Start : Team.2)4'C, Humidity : L] %PH./End: Team.l'] C, Humidity : 4/) % P.H.
o Marine agar 0 Marine agar o Marine agar 0 Marine agar
Aerobic CounterPlate | 0 AerobicCounterPlate | O AerobicCourterPlate | 0 Aerobic Counter Plate
omTEC omEl |¥mTEC omEl |omTEC mEl |omTEC omEI
0 TCBS o TCBS o TCBS ' TCBS
05 95 9.5
0 Membrane filter 'wMembrane filter ¥ Membrane filter E/Membrane filter
o Spread method 0 Spread method o Spread method o Spread method
W3M™ Petrifilm | o 3M™ Petri film o 3M™ Petri film | 0 3M™ Petri film
% 2 2 3
o025 T ys’c 025 T 025 T
w350C () 350C () 0350C () ¥350C ()
041 T - |oarT Va1t 041°C
0D445C () ©445C (>) 0445C () 0445C ()
o2hr () &2 hr () g2hr () o2hr ()
o2h () w22he () o2h () n2h ()
424 hr 024 hr Y24 br W24 br
o( )hr () o( )hr () o( Yhr () o(C )hr ()
o( )hr () a( )br () a( )br () o( )hr ()
3109 533? » UUr - 5;)@ 304 3i 15 20 215
GRS A < 7 R A
RN fop |00 | /0D fop| 100 /oD a0\ 100 |00 |\
T ]
I L I e S AL s i S AL A e S
AR e ACNEAR\EBEE
Remarks: The test of bacteria can have sample holding time.
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet”) ' _ I
il 09, 13 Min-Ti (Com (G
>l 2V \& Gun_~le (/@e/ﬁ'%\)j

BSMB-QS-06-04(2)

Busan Techno—Park

Morine Bio-industry Development Center

&



Microbiology Test Sheet

I B =
;’,{ : : 0 b _"-‘\igl - X 2]
¢ " D0Day0 oDayl noDay2 ¥Day3 oDay4 oDay5 oOther( )
\| oUptakewater 0 Discharge control water ﬁ/Dnsc}mgatmtedwater o Other( )
Autoclaved Distilled water/ADW-131122
Start : Team.?),| C, Humidity : [H) % P.H./End: Team.zﬂxlf"C, Humidity :%’ % P.H.
e | =
0 Marine agar O Marine agar o Marine agar o Marine agar
o Acrobic Counter Plate | 0 AerobicCounterPlate | o AerobicCounterPlate | 0 Aerobic Counter Plate
| omTEC omBl |¥mTEC omBl |omIEC #mEI |o mTEC o mEl
o TCBS o TCBS o TCBS &'TCBS
9.5 5.5 *
0 Membrane filter & Membrane filter # Membrane filter t¥Membrane filter
o Spread method 0 Spread method o Spread method O Spread method
M3M™Petri film | 03M™ Petri film | 0 3M™ Petri film | 0 3M™ Petri film
2 7 3 -3
o257T o025 TC o025 T 025 T
4350 C () K350C ()) 0350C () K350 C ()
04l T 04l T Y41 T 04l C
n445TC () b§44.s‘C () o445C () od445TC ()
o2hr () ty2 hr (/) o2hr () n2hr ()
n2hr () &22hr  (2) n2h () o2h - ()
624 hr 024 br b 24 br 24 hr
o( )b () o( )hr () o( )hr () o(C )bhr ()
o( )br () o( )br () o( )hr () o( )br ()
e 452y 3153 A 3153 25 3152 o3
Ly i e ooge Y A g ey
/17 o[ oo {lto \ 1o | wofico N\ ice fico {epl\
I
N N N
El[E, |E> E |Ez| E> E |E2 B> \,E‘ Er[Es \
Remarks: The test of bacteria can have sample holding time.
(If it has, Refer to holding time(storage time) of “sampling check & custody sheet™) _ e
20\ 0949 Hin 07 (o (i)
>, of (P Som ol LR gigy|

BSMB-QS-06-04(2) -

Busan Techno—Park

Marine Bio-industry Development Center

A



Test Result Sheet with Microbiology

0]
Study number - Test number | SET- W-00b |
 Sample type | 1. Uptake water 02 Discherge control water 3. Discharge resed weter 04, Ofher( )
VDay 0 oDayl oDay2 oDay3 oDay4 oDay5 oOther( )
0 A-1. Marine agar(Heterotrophic bacteria)\of A-2. Aerobic Courtter Plate(Heterotrophic bacteria)
_ B mTEC(E coli) E(C mEI(Intestmal Enterococc1) |:|D TCBS(V ibrio cholera)
He ST . TestResult e g
Sample | Medium Test substance Test method Sample vol. D” CEU/Plate
Type | name (mL) | factor | R R2 R3
/ A-2 | H--qpum-B | oMEPY oSY4PFY | | 50 0 o D
Hl=S0bUw-p | cMEY o SP#PEY | 106 0 / 0
HL-So6UW-Y | o M.E® o 89 dBF.9 ( 5O / / o}
Hl={otuw-M | o MEY 0 S9 &PF.? / /0D v, o) O
HL-506UW-E| oME” o8 ePFO | [ 50 ! 3 | 2
l-spbUwW-E| oMEY oSO dPFY |/ 50 | O o | 6
Bl yL-Dbow-B | ¥MFEYos?aPEY | /po <= 12z | 19 | 24
MMEPos?oPE? | 95 - 5 3 | 2
HL-SpW-M | ¥MEP o S?oPE? | /Do - 20 | 346 | 3)
¥YMFEYoS?aPF? | =25 - /) 5| 5
Hi-Souw-E | ¥MEYaS?aPE? | o0 s bz | 52| 4.3
¥MFYosPoPE? | o5 - 9 | /6 |/3
C  HL-9biw-B | YMEY0s?oPF? | [00 - / 2 | 3
MMFPoSOoPE® | 25 - 9 o | ©
Hi-spbw-H | ¥MEP o S9oPE® | | oo - £ | /2 "Z4
WMFYoS?oPE? | 25 = D / /
HI=0boW- E | ¥MEPoS9gPE® | [po | ~ /M | 24 | 2%
¥ MEP g s® nPF"’ 55 - i 5|5
Remaks o) delederd by Min-T7 Kim (7]
o1, § /H) Min-J7 Kim
yolly o iy ee 4@,@"4 T %gp]

a) dilution, b) membrane filter, c) spreading, d) petri film

Busan Techno—Park BSMB-QS-06-05(2)

Marine Bio-industry Development Center




Test Result Sheet with Microbiology

201
Study n@;‘hgrf _ — Testnumber | CET- 14 -006
~ Sample type | o 1. Upteke water 2. Discherge control weter 3. Discharge treaed water 4. Other( )
Sa :": oDay0 oDayl oDay2 dfﬁay 3 oDay4 oDay5 oOther( ) N
| 0A-1. Marine agar(Heterotrophic bacteria) 0 A-2. Aerobic Counter Plate(Heterotrophic bacteris)
: E/B mTEC(Eoolz) d]’f) mEI(Intestlnal Enterococm) oD. 'ICBS(V 1br10 cholera)
S::::e Ms;i;:m Test substance Test method Sa:r:;el;ol. falzta:)r = CF[II{/;’late .
2. | M7 JWesobepz-B | oMFEPoSPHPEY | | 25 V2 | (5 |
oMF?oSOMPEY | 50 7 2 |/
HL=50bCD3-M | o MEP o S?4PE® | | 25 4 4 L~
oMFE o $? ¢PFY | 5D 3 3 2
H\-$0bCD3-E | o ME? 089 dPFY / 25 n /) \/
OMFP oSO SE® | | 50 | © I |o
“73:/ H=$06(p3-B | WMEP o S?aPEY | /00O 4 2 | Y
H=506(03-H | WMEP oS aPE® | /00 \ £ | 3 /
HS0beh-& | YMEDaSOaPES | /00 |\ s | 2 | o
e [HeSb3-R | #MFEY e s?aPEY | D0 \ U0 “w | 7
HL-sob (M- | ¥MEP os?opE® | /U0 \| 3 Ly
[l Sob<p3-E WMEY o §9 oPEY /00 D o o
oMFEY o S? opF?
o MEY o 9 oPEY
oMEY oSO oPR]
o MEY o 89 oPFEY \\
o ME® o §9 oPF? [~
o ME? o s9 oPF? T~
Remaks &) dgieted by Min-J7 kim [y :
2014, 09, /9
§.19

a) dllutlon, b) membrane ﬁlter ¢) spreading, d) petri film
BSMB-QS-06-05(2)

Busan Techno—-Park
A, Merine Bo-incusiry Development Center
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Test Result Sheet with Microbiology

Study number

—

T est nﬁmber

SET-14-00b

Dl.thakewata'DZDisdmgeommolwataE/{Diﬂmgeh@edwata‘D4.0ﬂn(

Sample type )
Sampling é__lim_é ) o Day0 oDayl oDay2 b/ﬁay 3 oDay4 aDay5 oOther( )
s nme | ©/A-1. Marine agzar(Feterotrophic bacteria) cYA-2. Aetobic Counter Plte(Heterotrophic bacteriz)

| oB.mTEC(Ecol)) oC.mEl(Intestinal Enterococci) oD.TCBS (Vibrio cholera)
Test Result _
Sample | Medium R Test mothod Samplevol | D” CFU/Plate
Type | name (mL) factor R1 R2 R3
3 |A-Z |Hesibtp3- B, | o MED o S?GPEY l wie e | TNTC
AL-SObT5 B, | oMEP o sOHRED | 1 [ Tl | TNTL | TNTC
HL=$D6TD3 87 | oMEY 089 HPED ! \ NTC | TNTL | [VTC
HL—Spbi-M1| cMEP oSO RO | | \ | e | e | e
AL-5pb™D3-M2| aMEP o8P wPED | \ 2% | (b2 | 22N
AL=SbETp3- Ma| o MEY o 89 HPF.? I \ s | 149 [ 2
=S 2-F1| oME 087 dfR® | \ | o | moee | avre
HL-sib)3-E2| oMEY oSO wPr® | \ TN | TNTC | TNTC
HI=S0bD3-C3 | oMEP oSO WPED |/ \ TNTC | TNTC | TNTC
o MFY o SY oPEY
\\ oMFEY o $? oPEY
\\u M.F® 0 $9 aPF.Y
DW oPF.9
aMFY o Scm\
o MEY 0S¥ oPFY \\
o ME? o 89 oPEY T~
oM.EY o 8% oPEY \\
o MFE? o 89 oPEY T

Remaks

o

Busan Techn

o—Pork

a) dilution, b) membrane filter, c) spreading, d) petri film

.= Marine Bio-industry Development Center

200\ 09019 Mt-TJ7 Kim [{i\@é@
q. (9 o i —J o igysig
J

BSMB-QS-06-05(2)



Test Result Sheet with Microbiology

l
Study number ~ Test number | sE7- (4060
Sample type ul.UpakewmemZDisdmgemmolwataEeé.Disdmgemwdwatam.OdH( )
Sampling :{im_e o Day0 oDayl oDay?2 1 Day3 oDay4 oDay5 oOther( )
| oA Marine agar(Hcterotrophic bacteriz) 0 A-2. Aerobic Courter Plate(Heterotrophic becieriz)
Medium name
' _ KB, mTEC(E coli) o C.mEl(Intestinal Enterococci) oD.TCBS(Vibrio cholera)
Test Result
Sampe Test substance Test method St DY S
Type . (mL) | fator | R1 | R2 | R3
3 H= S05TP2-B) | O MEP o S9oPE® | o0 O O
Hl-$0bTD3- B | ¥MEY 089ePE® | oo || Dl o lo
HL- BbD3- B3 ME? o §9 oPFY |00 \ 0 % o
Hl- Sobtda-Ho ¥MFE®aS?coPEY | [0 \ 0 0 0
i DM | WMEP as?arE® | 00 | | o | o |0
H-0b3-M3| ¥MEP s aPE? | (00 \ O | 0 O
Hi-6r03-E | ¥MEY 082 aPE® | o0 \ O o |
HL-S06D3-E2| ¥MEP oS?aPEY | (00 - \ 0 0 | O
HL-SDb D355 &'M.EY o §? gPF.Y [00 \ 0 0 O
K- Db (7381 | EMEY 08P oPED | |00 \ o o | o
W= 50 6TD3-Ba. YMFP?os?aPE® | |00 \ [ o |
HL-Sok(D3- Bs| MFE”aS?cPE? | (00 \ % ¢ |0
H=Cob T | @MEY 082 ePEd | |oU \| ¢ | o |©
HL= oD M2 #MFPas?oPE? | (00 \ 0 ¢ 0
H- Qb3-Hy| FMEP as?oPE® | |00 \ O % G
HL=bTD3-Ei| #MEY o s?aPE® | [0 \ ¢ o 2
H=SETD3-B BMEY oSO oPE® | (0T \ o | C ©
H-06TD 35 GMEP0SYaPEY | (00 \ % ¥ O
Remaks
day. 0%, 17 | Min-Ti (o e
4.9 ¥ | Lo HurTJe ’51 /@@j

a) dilution, b) membrane filter, c) spreading, d) petri Iﬁlm

Busan Techno—Park
?‘E Marine Bio-indusiry Development Center

BSMB-QS-06-05(2)



Vibrio cholerae O1, O139

20(Y
Study Number - Test Number SET~1\L-00b
Sample type % Uptake water 0 Discharge control water 0 Discharge treated water 10 Other( )
Sampling time g Day 0 o Day 1 o Day 2 o Day 3 o Day 4 o Day 5 o Other( )
1. Procedures

W Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water
[ Incubate at 36°C + 1 °C for 6-18 hours.

[\_’{ Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
antiserum for serological identification.

2. Results

Test substance 01 0139 Sum
HL-Sob W - B O O o
HL ~S0p0w-H ®) 0 0
HL-SoW-E O O O

™~
~

N
=
3.Remarks = % g _ \

Working date - 20149, /%) - Study personnel | Mn - J7 Ky \M“
Confirming date Yollk og, 0 . Confirmed by | |oc Leok “Jn ﬁ%)\

ST S Worksheet-Microbiology-003-2(2)
‘-/ﬁ Marine Bio-industry Devalopment Center



Vibrio cholerae O1, 0139

—

- _ TestNumber | S5ET- 14-obD
| 0 Uptake water h{Disc}mgeoormolwater 0 Discharge treated water o Other(

(1 Each yellow sucrose fermenting colonies are placed on Non-salt Alkaline Pepton water.
1 Incubate at 36°C + 1 °C for 6-18 hours.

f Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
anﬁserum for serological identification.

Te‘st substance 01 0139 Sum
AL - sot)5- = C
HL-StECD3—H o C e
HL- SC6 Py~ T O C

™~
™~
AN

W37 Kl
Vo (TGl b

Worksheet-Microbiology-003-2(2)

=i

o Busan Techno—Park
Marine Bio-industry Development Center



Vibrio cholerae O1, 0139

Test Number | SET- If-ct 6

o Uptake water DDlschargeoormolwaIcr l‘zl'f)lsdmlrwtcdwater o Other(

' DDayODDaylDDaka(Day3|:1Day4DDay5|:|Other(

v Each yellow sucrose fermenting colomes are placed on Non-salt Alkaline Pepton water.
[ Incubate at 36°C + 1 °C for 6-18 hours.

Presumptive positive colonies are performed using slide agglutination assays by O1 and 0139
antiserum for serological identification.

Test substance 01 0139 Sum

HL 506402~ B @, © O
HL- ST = Do @, O 0
HL- 6P >~ B3 O 0 0
HL-S06T % - M) O o 0
HL- S0 - Hz D ( 0
HL-S6bTD%- M 0 0 0
HL-SCETDY - E 0 0 0
HL-SUb3- €2 0 0 0
H- Sob% - €2 2 O Q
\
T

b Jﬁ? G c?ﬁ/f_fﬁ

T Worksheet-Microbiology-003-2(2)
/E Maring Bio-industry Development Center

"4



Test Result Sheet - Classification (1)

' SET - (¢ —0%6

Upfate e

E% :\V/Zl‘OtOSOp.m 0= 50 pm

od | o Direct Dy ( FDN )
AR

N prorocmff Un 4/?. 2/ 7
Tnf”"ﬂo%(@ . 2 Al
@(17mo(emﬂ\ 49. 3
sdeptovopysics ap. /2| & | P
Tlnearittan rn 4p. Aa2 | 36 | 20
C€y’DC(‘ T SP. 0 2 / d
Chpetocerss,_gp. 02 | 4o | 22
EctC&wprﬁ ap- 7 >6
Pleyrecigme. _%p. 5 | 4 | >
(ko N / 2

Al ésmg C@iﬁ*&)
Alen {f/(/méi’) Q’f/g@z)

* R: Replicate

Busan Techno —kark Worksheet-Plankton-003(1)

<A Marine Bio-ndustry Development Cenfer



Test Result Sheet - Classification (1I)

7C

HL%aé uww

* R: Replicate

R, =
/W\/ﬂ (D/C)owmé\,ch. 9P 6

L@’fo C%( el & ﬁp g 9 5
Molpbezetirre érp 39 | ¥ | 2>
CtCoumpr O- ap. g g
Tadmepscs _Gp. 3 77
C/ﬂaﬁéoaomé a7 /é > | X
Cerod (n Qﬂ / 3 /0 9
frorocestiom p. >/ | >4 | >
bfephene pucts Gp. (¥ | /2
(n (:Www\ >~ ~ //

Rlirzegolpmo. 4p

Busan Techno - Park

Merine Bio-industry Development Center

F{wkﬂ Na

éytu%%f¥)g

Worksheet-Plankton--003(1)




Test Result Sheet - Classification (I1)

SET—4-09%

o Direct l'z( Dye ( FOA

! @c \z/>10t050;1m 0> 50 pm

N Wi

[e‘p%ca#hm( us Qp. 6 | > | &
Piplarets  5p. /

Madpatosco 4. | o | 36
(ot . 7 S | 9
Claoetolerey 40 26 | 2+ | 22
Fuccmtlion_Gp ) | & 1 I¢
fuitiopas_Gp. 2 | / /
P(&/Lm [/:T‘SWL L'P- 4

N

/dit x-ml'-‘ &%W’E i

* R: Replicate

Buson Techna—Park Worksheet-Plankton—003(1)
/L Morine Bio-industry Development Center



Test Result Sheet - Classification (II)

CopTwo 0 Water

| 72101050 ym &> 50 pm

Hi=Sobcps = | 50Ul Thala sossia Sp. bl 2 | F
e elogiin P =
| wnTdentilred dmnotlodd | | 7 /
o kT Ap~ SP [ [ /
T tomn /
UL-sobCpH | B2 ME | Thalegbscya 5P > | d |2
52 35 3/4:/4— unTdentified Mpdblagelpdtt 2 = /
HPC 254 C ATnyom ) /[ /
AR Chu o Cohos_o ] |
Melostya. sp / 2
HirSobeD3-& | 6vopt | 08\ aowsfien SP. o W e
N 3F ~ (- Welo sTre sp - = ~
264C  L546Y wWn'y LQV\’,‘T{'TDA‘ &ﬂ\o’HMo Wt @ ( >
o7 s CorntTum Sp. > | /
CBhetocels sp 2
C 0 Ch\odqpm, . kolfluThorded 5
| Focm

r

Bl 23 °C SV topPi2Fam )24 3C , 200 /0127
| 5

of, /&
OF /¢

* R: Replicate

Busan Techno—Park Worksheet-Plankton—003(1)
k.. Merine Bio-ndusiry Development Center



Test Result Sheet - Classification (II)

LET- 1§-2b

m.acsiamzew__ Ty@&{/@& w 0\{/0,

# W2 101050 pm 0> 50 pm

o Direct g/f)ye( FDA )

HL- goe"[[)‘ /M co chlodTaTu, goltjkkTe,g [ o3

25,65, Ui entlrod dwoflegefbde /
2|~ M2
Ba oL —
2y, 4py B3| BooM -
Hl—Sol7P3-Ml | SPME | untdentt Fed dznoflagellody, /i /
JStl A M ~=
265C, 4§l ﬁ3 -
HL-sosm3-El | ZDophL —
/5236, 26C, 4 ) =
‘_/_[ 0, Z?ﬁﬁé _E;f{__ﬁ‘ —

OP. (F
Rp. /¢

Sun sk Lee /@{{
QULV) ak L@e/ W{

]

* R: Replicate

Busan Techno - Park Worksheet-Plankton—-003(1)
A2 Marine Bio-industry Development Center



Test Result Sheet - Classification (II)

'U”P fale  wontes—

§ 0>10t050pum &> 50 um

Pc\wacos\amq CERGs ottt 7
Aoprtio e, Colconlent), 7
C‘\H—'\ped (M—me <
4
b
L

R)mw-\mw, otvirGe 4. (

\ \
0V+(1\0M Q’() A

M‘“F(‘% 5 A (2
Po‘\'fokxe'&\ loruee -~ o=
Comyesene ep. Cmmn:g) > o
— &g\&ecem J9(\7. >—
/,/ .

PRRSINN
e Conle Son _Asign)

* R: Replicate

— Busan rechno—park Worksheet-Plankton—003(1)
.. orine Bio-ndusiry Development Cenfer



Test Result Sheet - Classification (I1)

' Uis-l-amlie waeesr—

B o> 10t050um 4S50 um

lep. (4

T

* R: Replicate

7

Busan fechno—park

Marine Bio-industry Development Center

HL-$0600~M | P‘f*%ca»hsmc, %\W) varxg o .
AAM(« gp 4 & ?j
cl”‘\Pe‘A ld&-um{ 2, 4 oL
- PEHUS G ( 2, / é\

Oythona z,p _ Jo— IS (§
N DY 4 ’ 14| W P
Po\~g¢1\r¢w.. (prvoe ( 3 9
C&L’;é@(e-w\ s p- ya
LCenttopuges  op.coueipups) |
/
/ [«
—
,///
Lot }
[ “ (z “C
A4 ad . ¥
et o4 R Ac®y
(63!)_ (&fﬁl I*d’auilt' EICTS FIERITC b 6&2— CQQ & jq % _ lgﬂ)

H RO CIE

| o lok J0 =tian

Worksheet-Plankton—003(1)



Test Result Sheet - Classification (1)

Uﬁ‘ﬁ'ﬁfj&i et~

5 DZIIIOtOSO}lm 8250 um

Svoa\ s cmccl rt»;f%“ﬁ & < o
_&N—éc& CH 6 G %
C uped (a0 ( s
(/wec_cx(tkav‘? Janed ¢ L | 77 s |do
O(‘ttxb(\a f){) ) o | AL
NFD/\P(W\ 5 a > 3 -
felchsoa (e I S
—éq_omc{@ GP (ot}t:c%im&ﬂ\ /
ﬁaﬂcm;ec, CJ‘) ~( “(‘E&w‘r"ﬂﬁ'"‘ D dnd
(,a\L\ o(oac—}a C;'Dx c Hﬁw\c&%} a A =
C@x?(@xeo\@ c:';ib. (&M)if‘ ) > >
RS o X NHRNYE
HWdien . U R%
iy diedn __' (/QQ 4@151 %/L ,,;ﬁﬁﬂ)

* R: Replicate

Busan Techno—Park Worksheet-Plankton—003(1)
<7k Marine Bio-idushry Development Cenfer



A

Test Result Sheet - Classification (II)

P&mco)Mus ponws s | 2 { b
Rearfia <p. 5 2. 2
Porvocalanus  crocsiostiis U b 2
Otthena SP. U .)J;{ ‘}l{/
Covch(Rellé ofbis 5 0 2
Lakidocera <p. 2 0 2
N pyplivs o [ 0
Paluclme-'m \OKW(MZ ° / /
Certropages sp 0 0 J
)\l 4. /\
5 3 =
/
Pz
/
/
=
/ -
/
St 22.6°C Eadh 2mut
o B2,
Sep. (§ Cho Wko}@@i &gy
Sep. P Sum ok Lew - gl
* R: Replicate -
Busan Techno—Park Worksheet-Plankton—003(1)
Morine Bio-industry Devslopment Center



Test Result Sheet - Classification (II)

§ 0>10t050 um &> 50 pm

Pavacolonus pm s.) /) g,
Peostien Sp. t 2 a
Pc\'r\fomlcmus Cross Tyo Sh 3 3 4
Ofthona, sp. 20 b s
Lolsidecera 5P 3 b b
Pelychoetn |ovvoe i 0 3
Cin-':[)wl layyow [ 4) /
Cordepens odPivis ) / /
CﬂT\WFG‘f({S 5] 0 / [

//
e i
//
/ /
/
_

Stoard 24.4% End 52%
A b)Y, ,
Sep. | & . Cho Yubyreon— _Astm
Stp. & Sunnol Lot ASH)

* R: Replicate

Busan Yechno—Park ‘ Worksheet-Plankton—-003(1)

AL Morine Bi-ndustry Develogment Center



Test Result Sheet - Classification (IT)

HL‘SObCD”—E Pgm(g\anu-.s PCWVMIS s. | 13 X
PNosrkia Sp 4 b I
Porvo colanus  croegirosh A & /3
Do sp. 0 | 70 | q
Covycoons aflinis = 0 2
Laho(ocm ‘SP, 4 3 2
Cim?eol larvae 3 d i
Contropates <. [ / 0
Plichaetn lowoe 0 [ !
=] /
// |
/
/
/
/
L
N BN S G ! N
BN Bl
Sep. (¥ " Cho Yubgeonp B8]
S€p. (- Sum ol Qe Lsig)

* R: Replicate

.~ Busan Yechno—Park Worksheet-Plankton—003(1)
. Morioe Bi-nusty Development Center



[Sod

2014
LET-U - oob
Trended paodkes;
0210 to 50 pm tVZSOpm b(Direct o Dye (
[on = 250wd 1% 4o.
by o4
e
ML -SebTpa-B| >0 - _
HL-Sob B2  bpek - _ _
Hi-ob-pz-83| ol ~
HL-cob=hp-y | gond
H-SbTD3—2 | >bowd \
H-Sob-T3-2  owd Nouplius
HL-Sob=TP | b0l
HL-Sob-TH3-€)  Mound ~ :
Hl=b-T03 ) ahpd N :
7/
-
/
/
/
| -
; ;..! Q‘W+ JSJ ec 'Ehcl _),‘)S*“C
Burs XN
Sop. 1§ " cho Wykpory. Toikm
Stp (o G of  Lep Gisfy

A

Test Result Sheet - Classification (IT)

* R: Replicate

Busan Techno—Park

Morine Bio-industry Development Center

e
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7~ EcoGuardian™ BWTS
HANLAN .
4/ ms Shipboard Test

4.7 Operating Data (Written by HANLA IMS)

Operating Data

2014. 10. 17

y
/T

Copyright (c) by HANLA IMS. All rights reserved.
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4.7 Operating Data (Written by HANLA IMS)


7~ EcoGuardian™ BWTS

S Shipboard Test
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7~ EcoGuardian™ BWTS
HANLANA .
4/ ms Shipboard Test

1. Overview of the test participants

1) System Developer
@O Company Name : HANL IMS CO., LTD.
@ Conpany Location : 115, Hwajeonsandan 1-ro, Gangseo-gu, Busan, Korea

® Product Name : EcoGuardian™ BWTS

2) Organization of performing the Quality Assurance (QA)

(D Name : Korea Institute of Ocean Sceince and Technology (KIOST)

@ Location : 41, Jangmok 1-gil, Jangmok-myeon, Geoje-si,
Gyeongsangnam-do, Korea

® Role : Quality Assurance for shipboard test

3) Organization of performing the test
@D Name : Busan Techno Park (BTP),
Marine Bio-Industry Development Centre
@ Location : 7, Hoenggye-gil, Ilgwang-myeon, Gijang-gun, Busan, Korea

® Role : Perform the test

4) Organization of performing the installation inspection
(D Name : Korean Register (KR)
@ Location : 36, Myeongji ocean city 9-ro, Gangseo-gu, Busan, Korea

® Role : Check the installation onboard and Commissioning

Copyright (c) by HANLA IMS. All rights reserved.

-3-



7~ EcoGuardian™ BWTS
HANLANA .
4/ ms Shipboard Test

2. EcoGuardian™ BWTS Overview

1) System Configuration

.| Electrolysis
o Unit
BALLASTING
Filter \ 4 .
Sea Chest =—p Unit >
Ballast
Water
Tanks
Overboard < Y

DE-BALLASTING

Neutralization
Unit

Mode Process

Sea Chest — Ballast pump — Filter(50um)

Ballastin
& |5 Electrolysis(side-stream) — Ballast Water Tank

Ballast Water Tank — Neutralization(sodium thiosulfate)

De-ballasting
— Ballast pump — Overboard

e Sea Chest — Ballast pump — Ballast Water Tank

By-pass
 Ballast Water Tank — Ballast pump — Overboard

Copyright (c) by HANLA IMS. All rights reserved.
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2) Specification

Division

Specification

System Name

EcoGuardian™ Ballast Water Treatment System

System Capacity

350m>/h

Treatment Method

- Ballasting : Filtration (50pm) + Electrolysis
(Side-stream)
- Deballasting : Neutralization (sodium thiosulfate)

Biological Efficiency

Compliance with IMO D2 performance standard

Pressure Drop

0.1 bar in general

Salinity

~ 472 PSU (Practical Salinity Unit)

Water Temperature

~ 40 °C

Operation Mode

Automatic / Manual operation by Remote Control
Panel (option)

Operation S/W

Human Machine Interface (HMI)

Utility Required

- Control air(6~7kgf/cn) for pneumatic valves and
equipments
- Fresh water for rectifier cooling :
Min. 3kgf/cm

Less than 40°C,

Installation type

Skid/Wall mounted type

Electric Source

3ph AC 440V 60Hz, 1ph AC 220V 60Hz

Copyright (c) by HANLA IMS. All rights reserved.
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3. Installation Inspection
- Complete review of the drawings and installation check from Korea Register

of Shipping (2014.05.07.)
- Complete review of the assessment of conformity test from Korea Register

of Shipping (2014.08.14.)

Copyright (c) by HANLA IMS. All rights reserved.
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4. Overview of the test vessel

1) Information of the test vessel

Ship Name CHANG YAHNG

Ship Owner SSANG YONG SHIPPING
Ship Builder SHINA SHIPBUILDING
Hull No. SAS380

IMO No. 9121027

Ship Type Bulk Carrier 10K
Ballast Pump Capacity | 350m?®/h X 20m

Class KR

2) Selection of the test tank

Treated Tank Control Tank
5:’:-:;##’_ NO3. NO2
NOS NO4. W.B.TK(P) W-B-TK(BP)
WB.TK(P) W.BTK(P) 685M3 115M
175M3 150M3
AP.TK
2224M° NOS. -
W.B.TK(S) .
175M3 "lsome WBIKS) W.P;E)FE{S)
~ 685M? it
Treated Tank Control Tank
No.4 WBT(S) 152m?
No.3 WBT(S) 685m?
No.4 WBT(P) 152m?
No.5 WBT(S) 175m?
No.3 WBT(P) 685m°
No.5 WBT(P) 175m3
Total 654m? Total 1370m?

Copyright (c) by HANLA IMS. All rights reserved.
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3) Sampling

Control Test

Treated Test

Ballasting

1m® X 3 times
(Begin, Middle, End)

De-ballasting

Im® X 3 times
(Begin, Middle, End)

Im® X 9 times
(Begin 3, Middle 3, End 3)

4) Sampling Time

Control Test Treated Test
No.4 WBT(S)
No.3 WBT(S) + No.4 WBT(P)
Tank Name
+ No.3 WBT(P) + No.5 WBT(S)
+ No.5 WBT(P)
Tank Volume 1370m? 654m?>
Main ballast 3
350m°/h
flow rate
Begin | Middle End
Ballasting (1 times) | (1 times) | (1 times)
Sampling Time 20% 50% 80%
Begin | Middle End Begin | Middle End
De-ballasting (1 times) | (1 times) | (1 times) | (3 times) | (3 times) | (3 times)
Sampling Time 20% | 50% | 80% | 20% | 50% | 80%

Copyright (c) by HANLA IMS. All rights reserved.
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5. Information regarding the performance evaluation

1) Standard
- IMO : Guidelines for Approval of ballast water management

system (G8)
- Ministry of Oceans and Fisheries, Korea : Type Approval of ballast

water management Provision Reference

Copyright (c) by HANLA IMS. All rights reserved.

-9-



/'/"’-{1‘ EcoGuardian™ BWTS
4/ Ims Shipboard Test

6. Test locations and Validity

South Korea

Gamcheon
Gunsan

FUJ|
aiwan
GUANGDONG! 3 !
Hongkong 1
o Kaohsiung

[ Passage of the test ship ]

Ballasting De-ballasting Validity
Cycle 1 TOLi?l k}l&rbor Not Conducted Invalidl)
Cycle 2 Ifﬁ%S;l\I/\L{J g\? Not Conducted Invalid?
e 3| Gumchen | Dovehes
Cycle 4 inGLIl{%SSE A Not Conducted Invalid®
Cycle 5 TOLiCr)1 kﬁ?{rbor TOLig)1 Ié?(rbor Valid

1), 2), 3) Not satisfied organism of uptake water

Copyright (c) by HANLA IMS. All rights reserved.
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Appendix

[ . Test Proceeding

¥ Sounding (Test conducted by BTP, QA : KIOST)

Sounding Record

Level Gauge "0" Check

Copyright (c) by HANLA IMS. All rights reserved.
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v Ballasting Treated (Test conducted by BTP, QA : KIOST)

GROUP DISPLAY ALARM GROUP 1°

Tag description

Copyright (c) by HANLA IMS. All rights reserved.
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¥ Ballasting Control (Test conducted by BTP, QA : KIOST)

Measure the source water

GROUP DISPLAY ALARM GROUP 19  PAGE 1 OF 1

Tag description Func Value Eng.unit
12.00

Copyright (c) by HANLA IMS. All rights reserved.
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V¥ De-ballasting Treated (Test conducted by BTP, QA : KIOST)

4 dian™ Sart Time  End Time  Mon Time | 040
bust Bater Irentment Systen "en oEw maw

] ] |

Copyright (c) by HANLA IMS. All rights reserved.
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¥ De-ballasting Control (Test conducted by BTP, QA : KIOST)

G d0.3 V5.1.(5) &

Copyright (c) by HANLA IMS. All rights reserved.
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¥ Sample Analysis (Test conducted by BTP, QA : KIOST)

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 3)

V¥ Ballasting : Treated (Test conducted by BTP, QA : KIOST)

350

300

[
o1
(=]

200

NMain Flow [m?/h]

=
o
(=]

100

‘ M EBallasting: Treated / Cycle 3 : 2014.05.28 / Gamcheon Port I

SRS S E— LA I IS I LA I I I IS E— | IS E— -

0 600 1200 1800 2400 3000 3600 4200 4800 5400

Run Time [sec]

F o

Differential Pressure [bar]

Conductivity [m5fcm]
# &

[*]
(=]

M Ballasting: Treated / Cycle 3 : 2014.05.28 / Gamcheon Port I

Mean : 49.4 mS/cm

0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600

Run Time [sec]

o
7200

Temperature [TT]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 3)

V¥ Ballasting : Treated (Test conducted by BTP, QA : KIOST)
‘ M Ballasting: Treated / Cycle 3 : 2014.05.28 [ Gamcheon Port I
— -— 4 4 1DD
= o]
80
7.89 + 1.17 mg/L 70
T
- : 60 _
Ei z
E 50 &
[=] w
= £
= 40
30
20
10
o
] 600 1200 1800 2400 3000 3600 4200 4300 5400 6000 6600 7200
Run Time [sec]
B Ballasting: Treated / Cycle 3 : 2014.05.28 / Gamcheon Port I
450 —r
400
350
200
= 50 =
E
: H
3 200 g
150
100
50
01— ; i ; ; ; : ; ; ; ; —+F 0
] 600 1200 1800 2400 3000 3600 4200 4300 5400 6000 6600 7200
Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 3)

¥ Ballasting : Control (Test conducted by BTP, QA : KIOST)
| B Ballasting : Control / Cycle 3 : 2014.05.28 [ Gamcheon Port I
100
a0
349 +5m3/h — &
= 60 ¥
E g
F “ f
- 2
= a0 5
30
20
10
::| : T T T T T T T T T T T T T T T T T T T T D
0 3600 7200 10800 14400
Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 3)

¥ De-ballasting : Treated (Test conducted by BTP, QA : KIOST)

M De-ballasting : Treated / Cycle 3 :2014.05.30/ East Sea Port I

0.9

400 5+ 4mi/h = — 0.8

0.7

0.6

0.5

200

0.4

Main Flow [m3/fh]
i
(=]

4 Mean: 0.30L/min
150 1 03

Neutralizer Injection Rate [L/min]

100 0.2

50

0.1

"] 600 1200 1800 2400 3000 3600 4200 4800 5400

Run Time [sec]

M De-ballasting : Treated / Cycle 3:2014.05.30/ East Sea Port I

2
o

2
5]

5.58 = 0.09 mg/L

=
~

=
=)

[==] =
= tn
TRO (after Neut.) [mg/fL]

TRO (before Neut.) [mg/L]

2
W

2
(%]

2
=

- - - —— — 0
0 800 1200 1800 2400 3000 3600 4200 4800 5400

Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 3)

¥ De-ballasting : Control (Test conducted by BTP, QA : KIOST)

| W De-ballasting: Control /cycle : 2014.05.30 / East Sea Port |

100

S0

345 14 m/h 80

70

60

50

Main Flow [m?fh]

40

Temperature ['C)

Mean :21.3 °C

30

20

10

] 3600 7200 10800

Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 5)

V¥ Ballasting : Treated (Test conducted by BTP, QA : KIOST)

| B Ballasting: Treated [ Cycle 5 : 2014.07.21 [ Tolo Port I

200

Main Flovs [m?fh]

]
o
Differential Pressure [bar]

100

S NS N N N N N N S N e '

+ T

&

Conductivity [m5fcm]
&
Temperature [°C]

(5]

10

o N N N Y N N
g 600 1200 1300 2400 3000 3600 4200 4300 5400 6000 6600 7200 7300

Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 5)

V¥ Ballasting : Treated (Test conducted by BTP, QA : KIOST)

TRO [mg/L]

‘ B EBallasting: Treated / Cycle 5 : 2014.07.21 / Tolo Port I

.

L

i

100

S0

B8O

70

60

50

HoS [96LEL]

40

30

20

10

0 600 1200 1800 2400 3000 3600 4200 4500 5400 6000 6600 7200 7800

Run Time [sec]

T )

450

400

350

300

250

Current [A]

200

150

100

‘ B Ballasting: Treated / Cycle 5 : 2014.07.21 / Tolo Port I

Voltage [V]

T o

0 &00

1200 1800

2400 3000

3600 4200 4800 5400 6000 6600 7200

Run Time [sec]

7800

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 5)

¥ Ballasting : Control (Test conducted by BTP, QA : KIOST)
| B Ballasting: Control / Cycle 5 : 2014.07.21 / Tolo Port I
500 T 100
450 90
400 + &80
50 L 70
= T —
-E 0 +12 mih + 80 %—;
-4 -
E 50 r 50
: P
E 200 r 40 g
150 30
100 + 20
50 -+ 10
0 ! ! ! 0
0 3600 7200 10800 14400
Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 5)

¥ De-ballasting : Treated (Test conducted by BTP, QA : KIOST)

‘ M De-ballasting : Treated / Cycle 5: 2014.07.23/ Tolo Port I

e 33311 m¥h

350

Main Flow [m?fh]
[
&

Neutralizer Injection Rate [Lfmin]

150 Mean : 0.38 L/min

100

50

o] 600 1200 1800 2400 3000 3600 4200 4800 5400 o000 6600

Run Time [sec]

B De-ballasting : Treated / Cycle 5: 2014.07.23/ Tolo Port I

=
]

=
]

=
o

=
@

[=]
Ln
TRO (after Neut.) [mg/fL]

2.78 £ 1.07 mg/L

TRO {before Neut.) [mg/L]

4 — 0.4

3 0.3

2 I Mean:0.09 mg/L 0.2

1 I I | 0.1

0 ] 0
o} 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600

Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 5)

¥ De-ballasting : Control (Test conducted by BTP, QA : KIOST)

| M De-ballasting: Contral / Cycle 5 : 2014.07.23 [/ Tolo Port I

T 100
- oo
80
F 70
= [ 60 &
- N Ll
E r g
C oo 2
E - 50 &
H :4[,%
3 S
- 30

- 20

E 10

0 3600 7200 10800
Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 6)

V¥ Ballasting : Treated (Test conducted by BTP, QA : KIOST)

‘ M Ballasting : Treated / Cycle 6 : 2014.09.15/ Gunsan Port I

300 i N IN BN AL N

m3/h

—_______ ____

=]
un
=]

Main Flow [m?fh]
[
8

=
Ln
=]

Differential Pressure [bar]

100

Backflushing : 34 times

50

S A W,

T T 1 — — 1 + +
o 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200 7800

Run Time [sec]

0

M Ballasting : Treated / Cycle 6 : 2014.09.15 / Gunsan Port I
60 : : : : : : : : : : : : : 60

50

30

e
=]

40

30

Conductivity [mS/cm]
=]
Temperature [°C]

(=]
(=1

20

10

10

] 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200 7800

Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 6)

V¥ Ballasting : Treated (Test conducted by BTP, QA : KIOST)
‘ M Ballasting : Treated / Cycle 6 : 2014.09.15 / Gunsan Port I
10 T 100
3 90
g 80
T 8.13% 1.32 mg/L 0
I- T T =]
6] ! ! ! 60
) 3
E s 50 &
2 2
I
E . a0
’ Mean : 13.6 %LEL 30
2 20
1 10
o T } } } ; T ; i } ; ; } 0
0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200 7800
Run Time [sec]
B Ballasting : Treated / Cycle 6: 2014.09.15/ Gunsan Port I
500 T
50
200
350 F—H+ - — 1 i e s s
400 £ 28 A
300
= =
E 250 %
3 °
Y 200 =
150
100
50
. F
0 600 1200 1800 2400 3000 3800 4200 4800 5400 6000 6600 7200 7800
Run Time [sec]

Copyright (c) by HANLA IMS. All rights reserved.

-28 -




A
27 Ims

EcoGuardian™ BWTS
Shipboard Test

II. Operating results of valid test cycles (Cycle 6)

¥ Ballasting : Control (Test conducted by BTP, QA : KIOST)

Main Flow [m?/h]

[
o
(=]

[-*]
a

150 ]

100 F—

| B Ballasting : Treated / Cycle 6: 2014.09.16 / Gunsan Port I

- 100

F a0

342 + 8 mifh

pu——— P—

F a0

L 70

F 60

S0

r 4o

F 30

F 20

L 10

o 3600 7200 10500

Run Time [sec]

14400

Temperature ['C]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 6)

¥ De-ballasting : Treated (Test conducted by BTP, QA : KIOST)

Main Flow [m?/h]

a2
Ln
=

=]
1=}
=]

150
100 JH-

50

| B De-ballasting : Treated / Cycle 6:2014.09.18 / Gamcheon Port I

336 = 36 m3/h

F———————————————
o 600 1200 1800 2400 3000 3600 4200 4800 5400 6000

Run Time [sec]

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Neutralizer Injection Rate [Lfmin]

TRO [before Neut.) [mg/L]

M De-ballasting : Treated / Cycle 6: 2014.09.18/ Gamcheon Port I
2.67 £0.59 mg/L
] 600 1200 1800 2400 3000 3600 4200 4800 5400

Run Time [sec]

=
[¥.]

=
[=:]

=
o

=
o

=
in

TRO (after Neut.) [mg/fL]

Copyright (c) by HANLA IMS. All rights reserved.
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II. Operating results of valid test cycles (Cycle 6)

¥ De-ballasting : Control (Test conducted by BTP, QA : KIOST)

Main Flow [m?fh]

20 4
250 1=
200 1
150

100 -

‘ B De-ballasting: Control /Cycle6 : 2014.09.18 / Gamcheon Port I

100

90

344 £3m3/h

80

70

60

50

Mean : 26.4 °C

40

Temperature [C]

30

20

10

0 3600 7200

Run Time [sec]

10800

Copyright (c) by HANLA IMS. All rights reserved.
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. Test Report
and Baording List

Copyright (c) by HANLA IMS. All rights reserved.
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date A6 . i2. 08

Test Report
and
Boarding List




Boarding List

No. Group Name ~ Signature
/ deiMe) 4 a1 A L
2 z 2 Aol
2 o ET
” v Zy # ol
5 ,7 24y
6 (TesT ojc%

) BTP 2 o)
¥ ” | o g o
9 p ol 7}\«%
f0 ’ 22he
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Shipboard Test
(Commissioning Check List)

Date L0(3 12,08 Ship Name CHANG YAHNG
f o n TM
Port HO% POV\A ‘—(—O (O [System Name EcoGuardian
\ N
No. Check List Check
FEHjgtot 92k 3 sampling port Y12 AHEH 29l
1 Check connection status of flow meter & sampling port in main ballast line H Good 0 Not Good
EH H=EH B Ol by-pass UE HH SEf =
2 Check opening and dosing conditions of valves (front, rear and by-pass) connected ﬁg/ Good [0 Not Good
with filter
T RHC YEY i AE HE) 2
3 Check opening and closing conditions of isolation valves(inlet, outlet) E{ Good 1 Not Good
between ECU{Electrochlorination Unit) and main baliast line
BRI W24 W §E N 2ol o
4 Check opening and closing conditions of isolation valves for rectifier cooling line Good [0 Not Good
SIH FY v A HEf 2l
> Check openmg and dosing conditions of isolation vaive for neutralizer injection line m/GOOd [ Not Good
TRO ZHE 9|3 sampling IR HE Hef &l
6 Check connection status about sampling port for measuring TRO value m/ Good 0 Not Good
SEH TE "ol
7 Check the remaining of neutralizer Er Good O Not Good
TRO A Ao} BhgF 9l mA F=2| gel
8 Check the remaining of TRO sensor agent and the exchanging period E} Good [J Not Good
HE FE YH Sef gel
9 Check status of main power input Eb/ Good 00 Not Good
FHIR 3247 stand-by 201 E/
1,'0 Check th_e ;_tand by of ﬂow meter in main baltast kne Good 1 Not Good
o |= %5_] ,quq stand by gol I‘Z{
;]_'l Check the stand by of sensar in AFU(Autu Fnlter Unit) GOOd 0 NOt’ _GQOd
S P T 5@4 Mu1 stand by 3¢l I’Q{ '
12 Check the stand -by of sensor in ECU(EIectroChlorlnatlon Unit) = GOOd D NOt GOOd
- 13 aﬁ}ﬁl %'—LI Aikl stand by 219_ I\Z{ Go ..'d '
ot Check the stand by of sensor in NEU(NeutraIlzatlon Unit) RENEE O
. IR0 f«m %'—'—4 stand byilr‘)i - N SR AR
14 | hed the stand—by of TSUTRO Sensor nit ﬂZ/ Good H Not Good

Remark
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Shipboard Test

( Ballasting

: Treated )

Write Check | Approval
Az | AN ok

L | e

Date 2013 .12, 08 Ship Name CHANG YAHNG
Test Mode Ballasting : Teated System Name EcoGaurdian™
File Name ML - BT131 265 Port Homg Kew& , TDLC}
Latitude 227 26618 Longitude [ 4, 4EE
Start Time 4 : o i (3 Tank Name NO. & + NOS
End Time 20 (9 |6 Test Volume G; - m’
Run Time 6L 18 03 Pump Room Temp. QJ{-Q °C
Ballast Ppump ON Water Temp. L0 7 °C
G/S Pump OFF Conductivity 6.6 mssem
Main Flow Rate 350 m>/h Beginning | Middle End
Sampling Time

Target TRO 8 N mg/L
Tho L{_QO sec | TRO mg/L mg/L ma/L
Tb1(Cyle) [ 10 sec

REMARK
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Shipboard Test

( Ballasting

: Control )

Write Check | Approval

AR

g+

e

Az | elns

Date 2003 . 120 09 Ship Name CHANG YAHNG
Test Mode Ballasting : Control System Name EcoGaurdian™
File Name HL -RC |3 208 Port HOV‘S K@"ﬁ ' TOL-O
Latitude DAL TN Longitude {{G° [l{: 46cE
Start Time 24 Lo o oe Tank Name IUO 3
End Time DL : 4O e Test Volume /3770 m?
Run Time ol . Lo s co Pump Room Temp. DY/~ °C
Ballast Ppump O i\,l Water Temp. 20« 17 °C
G/S Pump ®) {—"f-’ Conductivity s 6. é mS/cm
Main Flow Rate 516 m3/h Beginning | Middle End
. Sampling Time
22 105 |23 45|02 .2
REMARK
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date 2o(Y | ot 2

Test Report
and
Boarding List




Boarding List

No. Group Name Signature

o Fms®) QA1 e

= UHA ==

& ’ e

i ” | A<l o

5 KI0ST %3 e

6 BTP e /] JW

! R o

5 &) AA _

9 By, (/5\%5)

¥
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g Kﬁﬁh‘?’% 2A 20 8D Hyg |

s X 20
G/
TANKS | AISHAIZE | SR A2 [SONDING | =2 | E/R. Scneon ZHEF | VOID SPACE B/G
FPT [cR%o e Fub cm M/T M/T
NOT o | 1zb Cm M/T M/T
NO.2(P) | oy 0% Cm M/T M/T
NO.2(S) oP n Cm M/T M/T
NO.3(P) | 3.0 ryr G M/T . MT
NO.3(S) | sz s (%2 10 Cm M/T . MT
NO-4(P) | 06210 | p om| Mt M
NO.4(S) | e |, o wr! MT
NO.5(P) | 061 w Y Cm - M/T M/T
NO.5(8) | pey 4 : Cm CM/T M/T
AP T Crm M/T M/T

st =l ats hOBE AE T 24 AE 2O S9 Ny B0 am Aloll=
2ol Jlalon eizter 21 (orar xp LolAERY =o)
SLE WEA - 221 Z=mas 2= (oY IANKRIS) O 2 5t0f, 01 T Al2tatY

ZHEZ PUIPHIE Al D24l CONTROL LEVELON I8t EMPTY ALARM F o0 =
AL, Ol% 2t TANKS| ma¢ STRIFPING AlZ, STRIPPINGS 2+ TANK S 415104
20| gEE Yoo 2. (STRIPPING A= A X9 tHE o1& dZ=g =

Y+ RUSE AT ANHA o2 oar )
HEAE FYUN - 20 suzag axos sy, o= xu 2t SRIZ PUMPZ QA
2 F CONTROL LEVELO SIBH FULL ALAM = 2l =K1, 0|2 2t Tk

I
0>
o
Al
i
of
i
1
o=
or
p
2
z
0
QO
o
-
o
=
o
>

FIF NAIAFE

P LECE AT ?// s Amomy /
L /V 'f ) -

CHY-D-002F (06/05/ 05)REV.NO. 01




BALLAST CONDITION LOG

VOYNO.: (4 |} PORT: [AM)ISt DATE: 20/4. § .3

TANK | SOUNDING | CAPACYTY | DENSITY QUANTITY REMARK
NAME (Cm) () (5.G) (M/T)
EP.T L!_g_ Cm w /ooy [ o3 M/T
NO.1 / -Cm n t e ‘+ M/T
NO.2 / Cm o ) L M/T
(P) : 2. E¢
NO.2 '
® | M A fi— MT
No3 [T n. )
(®) | 3.5
NO.3 Cm - , - ) /T
(S) / I /N
NO4 /o ol -
(P) f 2§ )
NO4 n. Cm m . ; ., M/T
(S) ; U SVE
NO.5
i C m* ! M/T
) " | ! £.o8
NO.S
m ' i
) 2. Cm p .09 MT
APT g Cm o L el { ' M/T
- StM Cm m M/T
TOTAL 3%,
REMARK :

A Lo>d X 3 422D 5/
_ ——
¥ Trim by bow =) 48 e
32—

CHIEF OFFICER : L/(*‘Q ﬁr%’/)/

“CHY-D-003F(05/12/3 DREV.NO.0
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2 ims

Shipboard Test
(Commissioning Check List)

Date 2ol of by Ship Name CHANG YAHNG
- - TM
Port T@rwam [ KO’UL\S(UW?( System Name EcoGuardian
N
No. Check List Check
Fajzie) R34 U sampling port 917 HE| ol %
1 Check connection status of flow meter & sampling port in main ballast line Good O Not Good
EE HEC YWE W by-pass Y= JRE HE =0
2 Check opening and closing conditions of valves (front, rear and by-pass) connected é/ Good [0 Not Good
with filter
Hejx 9ol Yes uig 9F HE el
3 Check opening and closing conditions of isolatian valves(inlet, cutlet) E{ Good O Not Good
between ECU(Electrochlorination Unit} and main ballast line
HE7|9] Wk Ui A A &=
4 Check opening and closing conditions of isolation vaives for rectifier E/ Good O Not Good
cooling line
Z3tH = HiE S M 2o
5 Check opening and dlosing conditions of isolation valve for neutralizer I)_C/ Good 0 Not Good
injection line
TRO =M 2 23l sampling H 2 A el ¢l
6 Check connection status about sampling port for measurmg TRO value E/ Good O Not Good
ZukH| THE =l
7 Check the remaining of neutralizer M Good 0 Not Good
TRO M A9 ZHE o X 57| &9
8 Check the remaining of TRO sensor agent and the exchanging period O Good b/ Not Good
HxE MY YUY Sy g2l
9 Check status of main power input M Good O Not Good
ZH| R 2k stand-by &0l
10 Check the stand-by of flow meter in main ballast line H Good O Not Good
ZE gue MM stand-by 2!
1 Check thi stand-by of sensor in AFU(.ﬁutg' Filter Unit) ig/ Good 01 Not GOQd
Hejz %34_1 e stand by oo S
12 Check the stand- by of sensor m ECU(EIectroChloﬂnatlon Unit) M GOOd . - NOt GOOd
o |eem sus w stana-by e '
13 Check the stand-by of sensor in NEU(Neutralization Unit) H GOOd
T R MM S stand-by & VA
14 HM &9 stand-by 8¢l H Gpod

Check the stand-by of TSU(TRO Sensar Unit)

'Rgmark

BT Swser agat, teplocsd
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: - Write Check | Approval
Shipboard Test S il Rk
. Mz | e | A
(Ballasting:Treated) ey _,,rl;@]wo Lo -
vk} .
Date ol . o5, 20 Ship Name CHANG YAHNG
Test Mode Ballasting : Treated System Name EcoGuardian™
File Name HL BT iuwopa2. Port TH &F 3F
Latitude 22° 3L, 2 N Longitude {20°/7.f &
Start Time o]t o IF Tank Name Ne. 4 ~+ jo b
End Time of BT} 1 4 Test Volume § 54 —ton
Run Time ¢ | @9 25 Pump Room Temp. 33 °C
Ballast Pump onN Water Temp. Ja X °C
GS Pump eTF Conductivity 459 mS/em
Main Flow Rate S0 mM/h Beginning | Middle End
Target TRO .1 mg/LiSampling Time
TbO [{.,80 sec|TRO mg/L mg/L . mg/L
Th1{Cycle) 190  sec
Remark
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Shipboard Test
(Ballasting:Control)

Write

Check | Approval

4z

e

=nd | o
Tgeig 1?%7;1/

W | (5

Date 2eif .ol a3 Ship Name CHANG YAHNG

Test Mode Ballasting:Control System Name EcoGuardian™

File Name HL pe - lgosma [Tank Name A3

Latitude 130 3¢ 2N Longitude fae /9 &

Port oH o 2o BF Test Volume F 208 ~Cayy
Start Time [ L /D 4/ Pump Room Temp. 34L °C
End Time /g /¢ 20 Water Temp. 2.2 °C
Run Time 6% EY: 139 Conductivity mS/cm
Ballast Pump ON Beginning | Middle End
GS Pump oFFE Sampling Time By JEioo | /9 04
Main Flow Rate 50 M/h

Remark
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Ship Name

CHANG YAHNG

IMO No.

9121027

Date

20i4 ok 2f

Test Report

and

Boarding List




Boarding List

No. Group Name Signature
/ Zrons &) 2 A A

2 % 2HHSL W

3 /i d %o ‘%_f
4 ) i / A < /%;”/
s YT W23 Dy
6 7P g

7 p 2| A AU Q%%
s % 0] [Akn %;/

7 y BEUTD W\ N\
/0 " o\ 3 =
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B X 204 obaf I Jf—%.é?%

s

TANKS | AIZHAIZE | B2 A2+ | SOUNDING E/R SENSOR %2 | VOID SPACE B/G
FRT | el 24 [RMW on M/T
.1 1 2/28 oo | F Ml M/T
NO:2(P) tf 220 RbE Cn M/T
N0.20) i | 9910 | Rl O ‘ MT
NO.3(P) | 17/ ¢c@ o P N =N MIT | - Mt
0.3(8) | (7200 ] e~ | Fpilon M/T M/T
NOAP) | 1355 | 6155 | v MT M
NO.4(S) {,-,_4 | ) 'M‘Cm Twr| M/T
NO.5(B) | w58 | iy £f | full om MT | M/T
N0.56) | T plon| T W
APT 025 Bcpel | Lofy Cn M/T M/T

-

20 SS9 Xe o Ag Alg=

IE
Iy
|>
im
==

HEA - 20 =2tz 212 (BoTToN TANK A 3 = &
= = = =y ﬂ)gg Ol'm, 0]:[:5__ PI:_'E A jx_}}}o
=M= PUMPHIE Al J12+2! CONTROL LEVELO 28t EMPTY ALARM él %Eﬁ-_l%

N, OIF 2t TANKS] &2k STRIPPING AIZ S = .
S = &8 ‘ 2, STRIPPINGE 2+ TANK =2!5
CEOl =S WES X (SRIPPING AR R& M9 W& ofat ﬁégg

OE & UATH AW IO oz 25 )

5101, £ A2ao 2R PR A
LEVELOI S{3t FULL ALARM = 2IAl Z%1, 012 21 TANKS|
¥ Y. (Obs# 8 DEKA OVERFLONZ XI)

g
o
|>
Im
M
[e
>
I
J l—-HJ

=t NALAFE -

7

{/ N
CHY—D— 02F{06/05/05)REV . NO. 01
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27 Shipboard Test
V /& (Commissioning Check List)

Date 1ol of 19 Ship Name CHANG YAHNG
Port Koren  Busan System Name EcoGuardian™
No. Check List Check
FHREte] S8 Y sampling port 9 4F) ol
1 Check connection status of flow meter & sampling port in main ballast line E/GOOd O Not Good
TE M3 YS9 by-pass Wi JHH| HEY =
2 Check opening and closing conditions of valves (front, rear and by-pass) connected D/ Good O Not Good
with filter
o= gHo A= ujg A Hef ol
3 Check opening and closing conditions of isolation valves(inlet, outlet) D/ Good O Not Good
between ECU(Electrochiorination Unit) and main ballast line
BRI Sz ol oE el ol
4 Check opening and closing conditians of isolation valves for rectifier E{ Good O Not Good
cooling line
EDHH FH B oE e =0l
5 Check opening and closing conditions of isolation valve for neutralizer EQ/GOOd O Not Good
* [injection line
TRO 538 98 sampling M2 & Al B0l o
6 Check connection status about sampling port for measuring TRO value Good 0 Not Good
FaHn B ol TE{
7 Check the remaining of neutralizer Good O Not Good
TRO M Al9F Fher S mH]| F7f gel
8 Check the remaining of TRO sensor agent and the exchanging period bj Good [0 Not Good
Hx HEl o Hej gol [‘gf
2 Check status of main power input Good L1 Not Good
FHj @2 stand-by &0l TE(
10 Check the stand-by of flow meter in main ballast line Good 00 Not Good
BE R%Q M stand-by 4ol B/
11 Check the stand-by of sensor in AFU{Auto Filter Unif) Good O Not Good
HE fA0| MA stand-by ¢l Ilj/
12 Check the stand-by of sensar in ECU(ElectroChlorination Unit) Good 00 Not Good
FoH A8 MA] stand-by =2l
13 Check the stand-by of sensor in NEU({Neutralization Unit) M Good 00 Not Good
TRO Al Q430 stand-by &9l ﬁ
14 Check the stand-by of TSU(TRO Sensor Unit) Good O Not Good

Remark
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Shipboard Test

Write Ap

proval

|

! ABr | P

4/ s (Ballasting:Treated) QZ/:%@’W
Date aoig . oF . 28 Ship Name CHAI\TG \I?AHNG
Test Mode Ballasting : Treated System Name EcoGuardian™
File Name Hi. BT _ 140528 Port ‘j(cv\— 7k 2) BF
Latitude 35%0l . 492 NV Longitude |>8° 5% . 708 &
Start Time (¢ 1 38 /I Tank Name Mow + No.&
End Time TR S A 4 Test Volume £ 4 ton
Run Time of I 53 1 08 Pump Room Temp. 23. b °C
Ballast Pump anN Water Temp. 2.2 °C
GS Pump OFF Conductivity 4q. 4 mS/cm
Main Flow Rate 3506 m’ /h Beginning | Middle End
Target TRO g mg/L|Sampling Time A x X
Tb0 Ygo sec|TRO | gL mo/L g/l
Thl{Cycle) 190 sec

Remark
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oy Shlpboa rd Test W_riteo qﬂ:c}( Approva;
. [z |1 e g0y
/4 (Ballasting:Control) _Lra ] b fpo %%o
Date doill | oF - 2% Ship Name CHA&G QKAHNG
Test Mode Ballasting:Control System Name EcoGuardian™
File Name AL BC-\4e628 Tank Name MO LD
Latitude 35%01 g2 N Longitude (28 ° 59 | Jof E
Port B 7 Test Volume 1208 <ton
Start Time M eo 1 3 Pump Room Temp. 2 Y °C
End Time 2] ¢ ez 29 Water Temp. 20.9 °C
Run Time 02 1 o 5‘L,L Conductivity mS/cm
Ballast Pump oN Beginning | Middle End
GS Pump o FE Sampling Time 1 ey 1g e | 75K
Main Flow Rate 3o M/h

Remark
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date R0/ & a9

Test Report
- and
Boarding List
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Boarding List

No. Group Name Signature
I RaNsE) '

5 p

5 Ny

4 7

S Ak

6 2

7 N

R

g Bb

/0 7

/) z

/2 g

/3

/4 ¢
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Shipboard Test
/e (Commissioning Check List)

Date JolY ., ok olﬂ Ship Name CHANG YAHNG
Port Koven Dom% Hoe  |System Name EcoGuardian™
No. Check List Check
Fejzel R 2 sampling port A2 Atef 2l ,l_c[/
1 Check connection status of flow meter & sampling port in main baflast line Good O Not Good
TE MEE A2 3 by-pass #= 4T afel 2ol
2 Check opening and dosing conditions of valves (front, rear and by-pass) connected D/ Good O Not Good
with filter
Hell= e A= v HF e 2ol
3 Check opening and closing conditions of isolation valves(inlet, outlet) E/ Good O Not Good
between ECU(Electrochlorination Unit) and main ballast line
A5R7I2) Wb W A e =el
4 Check opening and closing conditions of isolation valves for rectifier E/ Good {1 Not Good
cooling line
ST FE uiah HE M) Jol
5 Check opening and closing conditions of isolation valve for neutralizer H Good ] Not Good
injection line
TRO ZHE 98 sampling BT 2 AEf B0f
6 Check connection status about sampling pert for measuring TRO value |39/ Good O Not Good
S| TE ol Y
7 Check the remaining of neutralizer Good O Not Good
TRO HiM AloF E2F 3 mH| 2] =el
8 Check the remaining of TRO sensor agent and the exchanging period M Good L} Not Good
HE U U Hep Hol
9 Check status of main power input t{ Good (1 Not Good
U LA stand-by 2ol b/
10 Check the stand-by of flow meter in main ballast ling Good O Not Good
Hej fulo] MA stand-by &) ?E/
11 Check the stand-by of sensor in AFU{Auto Filter Unit) Good O Not Good
HHZ R5I0| A stand-by & N
12 Check the stand-by of sensor in ECU(ElectroChlorination Unit) Good 0 Not Good
S FU Q| 4 stand-by 20
13 Check the stand-by of sensor in NEU(Neutralization Unit) E/ Good 00 Not Good
TRO 414 Q42| stand-by 2ot |i7[/
14 Check the stand-by of TSU(TRO Sensor Unit) Good [J Not Good

Remark

-54 -




Shipboard Test

Write

Check | Approval

:- 1 . . B (f?é" ‘ﬁf f)nl;t{w '?ﬂ%” &/

47 WS (Deballasting:Control) ~Fe= g, o
Date 2014 . ob . a4 Ship Name CHANG YAHNG
Test Mode Deballasting:Control System Name EcoGuardian™
File Name HL DC _i4ok9g Tank Name ANC. R
Latitude 37° 5q. 4 N Longitude (29° 9&.c &
Port S 3 % Test Volume 229 ton
Start Time 2% 48, 1 28 Pump Room Temp. z25.8 °C
End Time oo 4Q |5 Water Temp. 20 Y- °C
Run Time oL g? 4T Conductivity mS/cm
Ballast Pump o N Beginning: Middle End
GS Pump 1= Sampling Time 2132 | of 3¢ | ox 4y '
Main Flow Rate 350 M/h

Remark
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Shipboard Test
(Deballasting:Treated)

Write

Check

Approval

(7%

—fr=

e

/)A@W

Y

lro

LA |

Date sofd .o . 30 Ship Name CHANG YAHNG
Test Mode Deballasting:Treated System Name EcoGuardian™
File Name HL DT _\4ebao Port Y
Latitude 39° 29 .0 AN Longitude 129° ¢g. ¢ E
Start Time 3 . 35K b Tank Name NO. Y > No.
End Time ol 4-3 Test Volume b B 4 ten
Run Time el 38 Pump Room Temp. D5 °C
Ballast Pump oN Water Temp. Qe °C
GS Pump oFF Conductivity mS/cm
Main Flow Rate 3k¢  m/h Beginning | Middle End
Initial TRO 9.0 mg/L|Sampling Time 63:39 ] olpzod | ol
o 9

il dhez % TRO(Before) 53 55¢ Ly
SR 3.C times mg/L mg/L mg/L
Tdo 34c  sec

TRO(After) &.eh .09 C-of
Td1 360 sec mg/L mg/L mg/L,

Remark
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date PYS (TR iy X

Test Report
- and
Boarding List
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Boarding List

No. Group Name Signhature
;o dse) 222 Fr
N y .

3 ’

4 P

A !

4

7 KIoST

§ BTP

g 1

/0 ’

N ’
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A o ’
8 X 20 g7 Q”gm(t 1% 2 4 )%A 201l Wob @19 o
' /\1/29—-0&’ E A
@g / Z=ol
IS | AIFAIZE | S2 A2 [SOUNDING] & = | E/R SENSOR &2 | VOID SPACE B/a
F.P.T co&e oqQ % &% Cm M/T M/T
NO. 1 R 8 Cm M/T M/T
NO.2(P) | 63155 3 Cm M/T M/T
NO.2(S) £ 0g.5% 4 Cm MT |- M/T
NO.3(P) c— OO o4 Cm M/T M/T
NO.3(8) | O 03110 4 Cn MT MIT
NO.4(P) 9‘3 .logr2o 4 Cm - MT M/T
NO.4(S) | § 061 4 Cm M/T M/T
NO.5(P) 0F1 05 b Cm . MT M/T
NO.5GS) |\, |97 be ¢ Cm - M/T M/T
APT | mogd 0GR @ Cm M/T MT
SIITE ME, Za NB, SN AE i ma AS 2204 59 Ho s a4 Alos
EOl Jl2alof) ofzte 31 (oter x4 wpssmy =o
SEAE WEA - 2| Zuyse 212 (0TTH KIS )2 OtH, 012 Ei= Al2tAtY
ZHIZ PUNPHIS Al J1Z&l CONTROL LEVELOI &+ ENPTY ALARN = e 5
A, Ol 2 TANKS] 2t STRIPPING AI%, STRIPPINGS 2b TANK = A1510]
0| Y== Hzw o (STHIPPENG A= =E 9l tha Old HeB 5
B+ UTE AW FHTON @2 )
WAHAE FelA _ 2] SUFYS AXNOR BN, 0|2 TS A2AY HE PUPES Al
JI#¥al CONTROL LEVELOI OI8t FULL ALARM = 2A| X, 01% 2 TANKS
“ BN F 2Ry xo (OHs8 8 DECK& OVERFLOWZXI)
FF WAME
ABLRALD 9;/“?/% 2eegEn : M @M

CHY-0-002F (06/05/05)REV.NO .01




" IS

y Shipboard Test

(Commissioning Check List)

Date o 06 L2 Ship Name CHANG YAHNG
Port }/ C System Name EcoGuardian™
Soven . Gun San |
No. Check List Check
FHigte] fA U sampling port H28 AE] 21
1 Check connection status of flow meter & sampling port in main baltast line H Good O Not Good
WE MEE W G by-pass WH FIE A 0l
2 Check opening and closing conditions of valves {front, rear and by-pass) connected ][2/ Good O Not Good
with filter
FHlE S50 gy uiat oE M) Zol
3 Check opening and closing conditions of isofation valves(inlet, outlet) {9/ Good O Not Goocd
between ECU(Electrochlorination Unit) and main ballast ine
FEZI2] dzb a1 MEf Eol
4 Check opening and closing conditions of isolation valves for rectifier E{ Good O Not Good
cooling line
SEA =Y U AL M) gel
5 Check opening and closing conditions of isotation valve for neutralizer E/ Good 1 Not Good
injection line
TRO £3E 9T sampling HiT ¢i AbEj &0l
6 Check connection status about sampling port for measuring TRO value M Good 0 Not Good
S T Yol I’EI/
7 Check the remaining of neutralizer Good t] Not Good
TRO A A% T U A 7| Zol
8 Check the remaining of TRO sensor agent and the exchanging period E/ Good 0O Not Good
B el Y Hef el
9 Check status of main power input E/ Good L1 Not Good
FHIT R stand-by 2ol t{
10 Check the stand-by of flow meter in main ballast line Good [} Not Good
HE R4S MM stand-by 20|
11 Check the stand-by of sensor in AFU(Auto Filter Unit) M Good [ Not Good
FH= e MM stand-by 8
-12 Check the stand-by of sensor in ECU(ElectroChlorination Unit) ﬁ Good O Not Good
SN R4 HA stand-by 20l
13 Check the stand-by of sensor in NEU(Neutralization Unit) M Good 01 Not Good
TRO MM R4 9| stand-by &¢I
34 | theck the stand-by of TSUCTRO Sensor Unity 7 Good £1 Not Good

Rernark
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iy 4 Shipboard Test Write | Check | Approva
LIS (Ballasting:Treated) yaull gﬁ_ %
Date 2old | oh-22 Ship Narme CHANG YAHNG
Test Mode Ballasting : Treated System Name EcoGuardian™
File Name HL - BT_ (4op2) -2 |Port r At &r
Latitude 35° 5B, 322 A/ Longitude (24 ° 3. 09 &
Start Time o 48 : bg Tank Name NO. 4 + Ak 5
End Time 1+ B3 ap Test Volume 257 «[:én
Run Time of @ oip: 27 Pump Room Temp. 3¢, 6 °’C
Ballast Pump ON Water Temp. 2, 7 °C
GS Pump OFF Conductivity £l mSiem
Main Flow Rate 3o m/h Beginning | Middle End
Target TRO &1 mg/LiSampling Time
Tho Hge sec|TRO g/l Mg/ o/l
Tb1(Cycle) o sec

Remark
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LY AS

Shipboard Test

Check | Approval

% A93

(Ballasting:Control) Sl s
Date ot , b & ~o |Ship Name CHANG YAHNG
Test Mode Ballasting:Control System Name EcoGuardian™
File Name Hi _BC_\yob22 Tank Name Ao . 3
Latitude 359 T8 LA Longitude [26° 37 <95 &
Port I Ab ‘“o*g Test Volume | 2P £ein
Start Time 12 et e/ Pump Room Temp. z].2 °C
End Time 16 (-1 ) Water Temp. 245 °C
Run Time veL o /& Conductivity mS/cm
Ballast Pump oM Beginning | Middle End
GS Pump oFF Sampling Time 1259 (4 oo | 16 104
Main Flow Rate 3k m/h

Remark
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date so)i C’V-Zi

Test Report
and
Boarding List
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Boarding List

No. Group Name Signature
/R 2= &
2 . M2 ~4
3 vz 1’7) /ﬂ ‘7\”( f/%/z"’/
A <
4 G ‘% ‘7% O’i , ;
5 K nEY (7o
6 BTP Wb >
7 7 OV 97 /ﬂ?@”
& // a "@% | V/I\/I/’/\/
9 ’ ol OhY é/
10
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V4 ks

Shipboard Test

(Commissioning Check List)

Date 204, ov CoL Ship Name CHANG YAHNG
Port HOVI'Q\ Kdﬂg\ ToLO  |System Name FcoGuardian™
]
J v
No. Check List Check
FH{2O| FEA) 3l sampling port P& A=) 2ol
1 Check connection status of flow meter & sampling port in main ballast line \M/ Good ] Not Good
g
EHH HEE 2 3 by-pass Tu JHH 45 gol
Z Check opening and closing conditions of valves {front, rear and by-pass) connected D/ Good [ Not Good
with filter
Holz pUlol YEe tha SZ ey #ol
3 Check opening and closing conditions of isolation valves(inlet, outlet) b/ Good [ Not Good
between ECU(Electrachlorination Unit) and main ballast fine
HE7|9 Y24 HiE @ A 2ol
4 Check opening and closing conditions of isofation valves for rectifier U/ Good 1 Not Good
cooling line
SHH FY s AF Aef "ol
5 Check opening and closing conditions of isolation valve for neutralizer E/ Good O Not Good
injection line
TRO FE A%t sampling H|2H 612 &) gol
6 Check connection status about sampling port for measuring TRO value E/ Good 00 Not Good
Soin 2 gl 4
7 Check the remaining of neutralizer Good [* Not Good
TRO MAf Al B G TA| 57| &0l ﬁ
8 Check the remaining of TRO sensor agent and the exchanging period Good ] Not Good
Hex EE UE 4e =l
9 Check status of main power input b/ Good 00 Not Good
FHI B § 2 stand-by 501
10 Check the stand-by of flow meter in main ballast line ]b/ Good [0 Not Good
11 |BH Rwel M stand by B9 M Good | O Not Good
Check the stand-by of senser in AFU{Auto Filter Unit) 00 o 0o
HEZ 2| MA stand-by &ol }ﬁ
12 Check the stand-hy of sensor in ECU{ElectraChlorination Unit) Good ] Not Good
" S2A FY M stand-by Fol }z]/
13 Check the stand-by of sensor in NEU(Neutralization Unit) - GQOd D NOt GOOd
14 |check the stand-by of TSUTRO Sensor Unit 9 Good {1 Not Good

g .Rtemark ,
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. W 1
| Shipboard Test k{ﬁr; C{f;k %:;}"a'
/R (Ballasting:Treated) )
7@ LAY /;\o
Date ol . 0h. 2| Ship Name CHANG YAHNG
Test Mode Ballasting : Treated System Name EcoGuardian™
File Name HL _BT . 14292 Port i;% Tolo
Latitude 22° 24 . 6}0} N Longitude /f(/- ° 4. i3
Start Time [l to: 2y Tank Name NO. 4 + No -
End Time (3 5t 5‘1 Test Volume 454~
Run Time el : 5‘5‘ ; ;I]L Pump Room Temp. 3 g °C
Ballast Pump ON Water Temp. 3. °C
GS Pump OFF Conductivity g3.0 mS/cm
Main Flow Rate 2bo ny /h Beginning | Middle End
Target TRO 8. ‘ mg/L|Sampling Time
ThO {LZ0  secTRO g/l marl L
Tb1(Cycle) | 90 sec
Remark
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| Shipboard Test Writeg Checik Approva
7 s (Ballasting:Control) % e , %g:
7 S

Date 200 0N .2 Ship Name CHANG YAHNG
Test Mode Ballasting:Control System Name EcoGuardian™

File Name HL - BC- \qofa|  |Tank Name AD. 3

Latitude 22° 26, £}9 N |longitude He® jg. 513 B
Port 22 Tolo Test Volume 1208 +on
Start Time | : oo i of Pump Room Temp. 3P °C
End Time £ oot &2 Water Temp. 2.k °C
Run Time g L gy Conductivity mS/cm
Ballast Pump ON Beginning | Middle End
GS Pump ITF Sampling Time Iy | 5 5o | /6 44
Main Flow Rate 350 m/h

Remark
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date 20/¢. 07,23

Test Report
and
Boarding List
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Boarding List

No. Group Name Signhature
/ AN
2 e

3
_,,/,;}‘. o

5 BTP
¢ %
/7 s

> /
7 ’
/O H

/l KiosT
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| Shipboard Test
/AR (Commissioning Check List)

Date Lo, 6#7.25 Ship Name CHANG YAHNG
Port ng\ﬂ [Qn% (T@ LO System Name EcoGuardian™
No. Check List Check
] [T R U sampling port 24 ) gl E{ Good O Not Good

Check connection status of flow meter & sampling port in main ballast line

BE| MECHEY 9 by-pass W2 JE AR ot

2 Check opening and closing conditions of valves (front, rear and by-pass) connected Ef Good O Not Good
with filter
THIE fuwel UE Hia 92 g6 S0l

3 Check opening and closing conditions of isolation valves(inlet, outlet) E/ Good O Not Good

between ECU{Etectrochlorination Unit) and main ballast line

BR719 W uin o1 F Ml gol

4 Check opening and closing conditions of isolation valves for rectifier \B/ Good [0 Not Good
cooling line
ST T e oE Hel gl

5 Check apening and dosing conditions of isolation valve for neutralizer [\E( Good O Not Good
injection line
TRO £ E 9t sampling Hi2 12 AEf ol

6 Check connection status about sampling port for measuring TRO value [Er Good [ Not Good
FoA| THEk gl

7 Check the remaining of neutralizer m/ Good [0 Not Good
TRO A Alok ZHek Q1 mM) F7| el

8 Check the remaining of TRO sensor agent and the exchanging period M Good [0 Not Good
HxE FY U o gol

9 Check status of main power input t]/ Good L] Not Good
ZFHi 2 REA stand-by 20l

10 Check the stand-by of flow meter in main ballast line M Good [ Not Good
ZE| R HA stand-by 2l

11 Check the stand-by of sensor in AFU({Auto Filter Unit) h/ Good [0 Not Good
HHAE QU MM stand-by 20l H

12 Check the stand-by of sensor in ECU(ElectroChlorination Unit} Good [J Not Good
SHH fH2 A stand-by 22l

13 Check the stand-by of sensor in NEU{Neutralization Unig) M Good [ Not G._F)Od

14 [TRO MM St standby 2o M Good | O NotGood

Check the stand-by of TSUTRO Sensor Unit

Remark
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G Shipboard Test e ;@ gprzva’

L7 s (Deballasting:Treated) ig; ) ,;2&] /i‘i
Date 2oltf . ©f). >3  |Ship Name CHANG YAHNG
Test Mode Deballasting:Treated System Name EcoGuardian™
File Name HL - DT 4og2 |Port f"%_ﬁé_ (Tale)
Latitude a2 ok, 6/9 N |longitude 4" {4  FIBE
Start Time /7 e of Tank Name Ne 4+ ot
End Time 19 Ifé = e Test Volume L5 ton
Run Time c] : 3% | [Pump Room Temp. 2.0 °C
Baltast Pump OA Water Temp. 3L °C
GS Pump G'?F Conductivity mS/cm
Main Flow Rate 3te Mk Beginning | Middle End
Initial TRO ? < mg/L|{Sampling Time 1) 44| | :_1‘7 If 34
- 248> X TRO(Before)
SR 3.0 times mg/L ma/L marl
TdO 3o » = TRO(After)
Tdl Seo  SeC mg/L mg/L mg/L

Remark
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Shipboard Test Write | Check | Approval
27 WS | (Deballasting:Control) ﬁ;hﬁ% =
_ 4 |
Date Joly o) .23 Ship Name CHANG YAHNG

Test Mode Deballasting:Control System Name EcoGuardian™

File Name HL _ PC_ (4023 |Tank Name NO. 2

Latitude 3% af . & BN Longitude g [t 513 &

Port fggfg (Tolo) Test Volume /'_D_QO?

Start Time (% 4o : be Pump Room Temp. 33 °C
End Time JO 0 44t 35 |[Water Temp. 349 <
Run Time o 3% 357 |Conductivity mS/cm
Ballast Pump o Beginning | Middle End
GS Pump oFF Sampling Time \ g | B 20| /6 nf
Main Flow Rate 34 M/

Remark
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Ship Name

CHANG YAHNG

IMO No.

9121027

2014 .09 .(&

Test Report

and

Boarding List
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Boarding List

No. Group Name Signature

/ 22HMS A% e

2 a4 o 2% PN (’Q
3 ’ ¢ A )
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3 / Ao =
¢ ’ =
7 KisT ANs A
§ BTP o1 54 =

g EREY =
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L7 s

Shipboard Test
(Commissioning Check List)

Date 2014, 09. 1t Ship Name CHANG YAHNG
t i TM
-JPort \’(Q\fz()\ ; G v SGM System Name EcoGuardian
No. Check List Check

FHlEe| REAH A sampling port ¢ abef &

1 Check cennection status of flow meter & sampling port in main ballast line E/ Good (3 Not Good
HE FEC WA Ol by-pass Wi Y AR 0

2 Check opening and closing conditions of valves (front, rear and by-pass) connected E/ Good O Not Good
with filter
HAllZ FHo Q&= w2 A He ol

3 Check opening and closing cenditions of isolation valvestinlet, cutlet) Iﬁ/ Good O Not Good
between ECU(Electrachlorination Unit) and main ballast line
HE21e] E2ps B HY el ol

4 Check opening and closing conditions of isolation valves for rectifier M Good 1 Not Good
cooling line
SoHM =Y ui A el 2ol

5 Check opening and closing conditions of isolation valve for neutralizer \é Good O Not Good
injection line
TRO Z7Y & 9B sampling HiZt HZ el ol

6 Check connection status about sampling port for measuring TRO value M Good ] Not Good
SeA THa "ol

7 Check the remaining of neutralizer m/ Good L Not Good
TRO A A2k Zhak 3 X =7 gl

8 Check the remaining of TRO sensor agent and the exchanging period H Good O Not Good
HE HE YY du "ol

9 Check status of main power input E( Goed O Not Good
e FEA stand-by 20l

10 Check the stand-by of flow meter in main ballast line U Good 00 Not Good
=g fulo| MM stand-by ol

11 Check the stand-by of sensor in AFU{Auto Filter Unit} E( Good LI Not Good
Hoi= RH9 A stand-by 29l

12 Check the stand-by of sensor in ECU(EfectroChlorination Unit) H Good 00 Not Good
S3A {We| MM stand-by &9l

13 Check the stand-by of sensor in NEU(Neutralization Unit) \2]/ Good O NO.t qud

.y [TRO MM uel stand-by 2ol PR
i4 Check the stand-by of TSU(TRO Sensor Uniy M GOOd _ D Not GOOd

| ._R:emark *.




Shipboard Test wite | Shece Aoprony

(Ballasting: Treated) S o |y
Date oo\t . 09. iF Ship Name I CHANG YAHNG
Test Mode Ballasting : Treated System Name EcoGuardian™
File Name HU BT (odls  [port U
Latitude 35° 8. 322_/\/ Longitude 126° 37. o095 E
Start Time 10 uk 5{ Tank Name MO+ NO. &
End Time 23, ¢ 4o ©f  |Test Volume { e
Run Time o| @ 56 3 Pump Room Temp. 2 °C
Ballast Pump oN Water Temp. 256 °C
GS Pump OFF Conductivity f. 5= mS/cm
Main Flow Rate 350 m/h Beginning | Middle End
Target TRO 8.{ mag/LiSampling Time
Tb0 Ljge seciTRO g/l g/l g/t
Tb1(Cycle) 190  sec

Remark
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| Shipboard Test e | e | feprer?

27 184S (Ballasting:Control) ;‘ég ﬁ ﬁ;/
Date solib .09 . 1§ Ship Name CHANG YAHNG '
Test Mode Ballasting:Control System Name EcoGuardian™
File Name HL*B(“ _4o9fb Tank Name Mo D
Latitude ate $R. %22 N |longitude 12b° 27. odf E
Port I AP BY Test Volume | X7 fen
Start Time ol |6 o \ Pump Room Temp. 2h °C
End Time (o ¢ 15 & Water Temp. 265«
Run Time 03 -3“7 : ko Conductivity mS/cm
Ballast Pump onN Beginning | Middle End
GS Pump OFF Sampling Time o) too |03 lof | o)1 (2
Main Flow Rate 2bo mn

Remark
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Ship Name | CHANG YAHNG

IMO No. 9121027

Date 2004 09 (&

Test Report
and
Boarding List
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Boarding List

No. Group Name Signature
/ dmsed DA% 24
2 . O Zgn 7
3 " g 0
./ ;\/% ?\»\r “{f
% &»5 Lol
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%@ N ey [v
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Shipboard Test
/- (Commissioning Check List)

Date J_O(L{ , Oq Lg} Ship Name CHANG YAHNG
Port KO}/’QOL ( BU Sawy System Name EcoGuardian™
No. Check List Check
;TR 887 2 sampling port 2 dE) G " Good O Not Good

Check connection status of flow meter & sampling port in main ballast line

EE HeCHE 9l by-pass Wi JHE A &0

2 Check opening and closing conditions of valves (front, rear and by-pass) connected b Good [0 Not Good
with filter
Holl= pUlel & i GF M 2ol

3 Check opening and closing conditions of isolation valves(inlet, outlet) Ij/ Good O Not Good
between ECU{Electrochlorination Unit) and main ballast line
HR719 E2b viE A e FHol

4 Check opening and closing conditions of isolation valves for rectifier Ib' Good O Not Good
cooling line
SO Y vl ciE A ol

5 Check opening and closing conditions of isofation valve for neutralizer E{ Good [0 Not Goed

infection line

6 Zigcfiijtgns:tr:ﬂ:Isngbzlil?sagma;Iif; prit%or measuring TRO value M Good [0 Not Good
7 iiﬁlti%:eigning of neutralizer M Good [J Not Good
8 'Z?(e)cf}tﬁle tlia%:?:hggif%:il)feﬁsi?gent and the exchanging peried [0 Good };—/ Not Good
9 ifcl?jitijfijniiver input H Good O Not Good
10 zilcrfti%sk:n:r; ;t;i‘lff_lmeter in main ballast line E{ Good 7 Not Good
11 :E;?ci:gtifs;a:f s::'ffl-; e — M Good 0 Not Good
12 g-tseﬂcftfr:gtgalnf{gi)t:Zg;lggr%ficwﬂectroChIormatlonUmt) H GOOd L NOt GOOd
H eos | 0 ot G
14 [T e qanty g - H Good T m o Good

Check the stand:by of TSU(TRO Sensor Unity

Remark

Y
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Shipboard Test

(Deballasting

:Control)

Write Check | Approval
o I

Date 204 .09, IR Ship Name CHANG YAHNG

Test Mode Deballasting:Control System Name EcoGuardian'™

File Name HL - DC - {409 |8 |Tank Name AD. 3

Latitude 35° olf, y9gan Ilongitude 28" 59. 7JofPE
Port ’7$ Z1 2k Test Volume j29f€ ~ton
Start Time 0% I 30! o} Pump Room Temp. 23. 5 °C
End Time j2.: 4 |0 Water Temp. 26. 5 °C
Run Time o3 4 oﬂ[ Conductivity mS/cm
Ballast Pump oN Beginning | Middle End
GS Pump oFF Sampling Time o 1 i4| to:20| )} 2b
Main Flow Rate 30 mh

Remark
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: Write Check | Approval
Shipboard Test - , i
Deballasting:Treated) |~ | or +23
eballasting:ireate e - T
( g )| A
Date 2coid. 9. 1% Ship Name CHANG YAHNG
Test Mode Deballasting:Treated System Name EcoGuardian™
File Name HL - DT_ {4098 Port 7y &) 2
Latitude A5° Y., 492N |Longitude |2-g ° 59 . Nef B
Start Time Y vl Tank Name NO. 4 + MNO. K
End Time J b gy Test Volume & L"}L +eh
Run Time JoTo3R Pump Room Temp. 23 & C
Ballast Pump oN Water Temp. 24 .5 C
GS Pump oFF Conductivity mS/cm
Main Flow Rate 35 M/h Beginning | Middie End
Initial TRO 9.0 mg/L|Sampling Time /3 2¢ /3:42’5( ,44 Y
Cn 24.82 %
TRO(Before)
SR 3.0 times mg/L ma/L mag/L
Tdo 3fo sec
~— TRO(After)
Tdl Jco  sec mg/L mg/L mag/L
Remark
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